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INTRODUCTION 


THE ANTIHYPERTENSIVE FUNCTION OF THE KIDNEY 

The role of the kidney in the pathogenesis of hypertensive 
states has been the subject of considerable discussion and 
controversy. In 1898, Tigerstedt and Bergman noted that saline 
extracts of the kidney, when injected into rabbits, elicited a 
pressor response. In 1940, Goldblatt demonstrated that surgical 
stenosis of a renal artery resulted in elevated blood pressure 
thereby linking the kidney with the production of hypertension. 
It was not until 1944, however, that Goormaghtigh, having the 
benefit of Ruyter's earlier description of the juxtaglomerular 
apparatus (1925) suggested that these juxtaglomerular cells 
were the source of renin, the vasopressor inducing substance. 
From other studies, (KohIstaedt, Helmer and Page, 1938) it became 
evident that renin functioned as an enzyme acting on a component 
of plasma to produce the elevation of blood pressure. This 
renin substrate was named angiotonin by Page and Helmer (1940) 
and hypertensin by Braun-Menendez, et. al. (1940), in whose 
laboratories it was independently characterized. By agreement 
the name angiotensin was later adopted as the plasma component 
directly responsible for the increase in vasomotor tone in 
response to renal artery stenosis (Braun-Menendez and Page, 1958). 

With continued study of the role of the kidney in regulating 
blood pressure it became apparent that functional renal tissue may 
also serve an anti-hypertensive function. Fasciolo, Houssay 


and Taquini (1938) and Goldblatt (1940) noted the ability of a 
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normally functioning kidney to blunt the rapid increase in blood 

pressure usually seen in response to contralateral renal artery 

stenosis. The blood pressure raising effect of renin given 

intravenously was shown to be potentiated by prior bilateral 

nephrectomy thus suggesting the loss of an anti-hypertensive 

agent produced by the kidney (Harrison, Grollman, and Williams, 

1939). The administration of plasma from an animal with normally 

functioning kidneys was shown to reduce this sensitivity to renin 

in the anephric animal (Page and Helmer, 1940). Page later 

showed that the administration of renin to rats until the point 

of tachyphylaxis resulted in the release of an anti-pressor 

substance into the blood (Page, et.al., 1941). Numerous investigators 

reported that blood pressure was lowered in hypertensive and 

normotensive animals given saline extracts of normal renal tissue 

(Williams, Grollman, and Harrison, 1940; Grollman, Williams, and 

Harrison, 1940a, 1940b; Murphy, et.al., 1942; Stevens, 1946; 

Goldblatt, 1947). Characterization of the vasodepressor substance 

in these extracts was incomplete, however, as was the location 

of its intrarenal synthesis. These studies suggested that the 

kidney contained, and perhaps released, an anti-hypertensive agent. 
The finding of hypertension in rats after bilateral nephrectomy 

(Braun-Menendez and Von Euler, 1947; Grollman, et.al., 1949) 

provided the model for further investigation of the factor responsible 

for the antipressor function of renal tissue. Kolff (1958) and 

Kolff and Page (1954) demonstrated that the perfusion of normal 

kidneys within the circulatory system of these renoprival hypertensive 


animals resulted in restoration of normal blood pressure. It was 
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not necessary that this kidney tissue function in excretion since 
anastamosis of the ureter to the inferior vena cava permitted an 
identical return of the blood pressure to normal (Kolff, 1958; 
Braun-Menendez, 1958; Muirhead and Stirman, 1958; Toth and 
Bartfai, 1961). The serum of such renoprival rats was found to 
cause venoconstriction when compared with the serum of normal 
animals or from rats with non-excreting functional renal tissue. 
It was suggested, therefore, that the renoprival animal may 

lack a humoral vasodilating substance produced by the kidney 
(Rondell, McVaugh, and Bohr, 1958). 

Muirhead and colleagues in a series of elegant studies 
(Muirhead, et.al., 1956, 1960a, 1960b, 1960c, 1962, and 1971) 
showed that the renal tissue need not be structurally intact to 
exert its vasodilating or antihypertensive role. Using intra- 
peritoneal or intravenous injections of fragments of whole 
kidneys or medullary or cortical sections of the kidneys suspended 
in saline, they found that after 4 days, rats without kidneys 
developed hypertension. Animals receiving fragments of whole kidney 
tissue or renal medulla, however, did not develop elevated blood 
pressures. Of special significance was the finding that renal 
cortical tissue provided no protection whatsoever from the develop- 
ment of elevated blood pressures. Histologic examination of the 
omentum and mesentary of animals which received intraperitoneal 
injections revealed islands of epithelial and stromal interstitial 


cells without evidence of viable juxtaglomerular cells. 
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Studies of the chemical nature of the extracts of renal 
tissue which produced lowering of blood pressure in various 
hypertensive states (Muirhead, et.al., 1960b) revealed that 
the active principle possessed the following characteristics: 

1. Loss of activity at alkaline pH (greater than 10) for 
one hour (Hamilton and Grollman, 1958; Hickler, et.al., 1963; 
Hickler, et.al., 1964a). 

2. Stable at acid pH (less than 2) for one hour (Hickler, 
et.al., 1964b). 

3. Soluble in chloroform (Hickler, et.al., 1964b). 

4. Soluble in ethanol (Muirhead, et.al., 1961; Lee, et.al., 
1963). 

5. Unstable at temperatures greater than 50°C (Hamilton and 
Grollman, 1958; and Lee, et.al., 1963). 

6. Not a polypeptide, resistant to protein hydrolases, 
trypsin and carboxypepsidase (Muirhead, et.al., 1963; Lee, et.al., 
1963; Hickler, et.al., 1964b). 

7. No ultraviolet light absorption at greater than 240 
millimicrons (Muirhead, et.al., 1963). 

8. Not a nucleotide (Lee, et.al., 1963). 

9. Not bradykinin (Hickler, et.al., 1963). 

10. Polyunsaturated lipid with ketone and hydroxyl functional 
groups (Lee, et.al., 1964; Hickler, et.al., 1964b). 

11. Not a natural free fatty acid, glyceride, or phospholipid 
(Hickler, et.al., 1964a, 1964b). 
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12. Molecular weight less than 4500 (Lee, et.al., 1962; 
Muirhead, et.al., 1962; Lee, et.al., 1963; Hickler, et.al., 1964b). 

13. Found exclusively in the medullary tissue of the kidney 
(Hickler, et.al., 1964b). 

The prostaglandins, fatty acids found in many tissues, share 


the above mentioned characteristics. 


THE PROSTAGLANDINS - RENAL VASODEPRESSOR LIPIDS 

In 1965, Lee and co-workers reported the isolation of 3 
vasoactive lipids from renal tissue, two of these were identified 
as prostaglandin E> (PGEj) and prostaglandin Foy (PGFo,,) both of 
which had been previously noted to be present in seminal fluid 
(von Euler, 1934). The other substance, which was a potent 
vasodilator, was named prostaglandin E-217, because of its chemical 
similarity to the E-type prostaglandins and its absorption peak 
at 217 millimicrons. Lee gave this substance the name "medullin" 
although it was later identified as a new prostaglandin and 
designated as prostaglandin Az (PGA>). Further investigation 
revealed that these prostaglandins were found only in the renal 
medulla but not the renal cortex (Lee and Crowshaw, 1968; Horton 
and Jones, 1968), consistent with the previous findings on the 
location of the vasoactive substance(s). 

The prostaglandins have been the subject of intensive 
investigation in the past decade, and since the entire spectrum of 
their chemistry and physiological actions have recently been 


reviewed (Weeks, 1972; Hinman, 1972), only a brief description of 
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some of their characteristics will be given here. It would, 
however, be of value to summarize those characteristics relating 
to the vasomotor effects of these compounds. The three major 
prostaglandins are named A, E, and F according to the chemical 
nature of the cyclopentane ring portion of the molecule. Prosta- 
glandins of the A series are derived by the dehydration of the E 
series, and the B series, formed from A by rearrangement of the 
double bond within the cyclopentane ring. In the enzymatic 
metabolism of PGA, PGB is formed via an intermediate molecule, 
PGC, which then rearranges to yield PGB. Prostaglandins of the 
A and E series are vasodepressor in action when administered 
intraarterially, while prostaglandin F is a vasopressor; prosta- 
glandin B has little vasoactivity (Lee, 1967). Prostaglandins 
of the E and F series are potent smooth muscle stimulants, while 
prostaglandin A has little smooth muscle stimulating activity 
(Lee, 1967). 

Because of their vasodilating action and antagonism of the 
vasoconstriction produced in response to angiotensin, norepinephrine, 
or renal nerve stimulation it was thought that either prostaglandin 
A or prostaglandin E may be the circulating antihypertensive 
substance produced by the kidney (Lee, 1969; McClatchey and Carr, 
1971; McGiff, et.al., 1970). Studies on the metabolism of 
prostaglandias revealed that PGA? was most likely to have a major 
circulating function since greater than 85% of PGE was metabolized 
and inactivated during one circulation through the lungs and liver, 


whereas less than 30% of PGA was similarly inactivated 
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(McGiff, et.al., 1969b). 

The survival of renal interstitial cells after renal tissue 
fragmentation and intraperitoneal injection led to study of these 
cells as the source of the antihypertensive prostaglandins. Nissen 
reported the presence of lipid granules in these cells (Nissen, 1968a), 
and furthermore, noted an increase in the number of lipid droplets 
after salt loading. This increase in granule number was thought 
to be the result of increase storage of lipid molecules with a 
decrease in the rateof lipid release under salt loading (Nissen, 
1968b; Osvaldo, and Latta, 1966). The successful isolation and 
growth of these cells in tissue culture revealed prostaglandins Ay» 
E>, and Fo, as components of their lipid content (Muirhead, et.al., 1972b). 

It was shown by numerous investigators (Johnston, Herzog, 
and Lauler, 1967; Vander, 1968; Carriere, Friborg, and Guay, 1971; 
Martinez-Maldonade, et.al., 1972; Lee, 1972a) that infusions of 
prostaglandins A or E into the renal artery resulted in a marked 
increase in sodium, potassium and chloride excretion, glomerular 
filtration rate, and renal blood flow. Furthermore, it was shown 
by McGiff and colleagues (1970a) that the infusion of angiotensin II 
into the renal artery resulted in the release of prostaglandin-like 
material into the renal venous effluent. These observations suggested 
that alterations in sodium intake with resultant changes in renin- 
angiotensin levels may effect the synthesis and release of 
prostaglandins from the kidney. Lee (1972b) has suggested that 


prostaglandin A is a circulating anti-hypertensive natriuretic hormone. 
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PURPOSE OF THIS INVESTIGATION 


Although a hormone-like action has been suggested for 
prostaglandin A it has been difficult to demonstrate such a 
relationship because of the lack of a rapid, and reliable method for 
tne measurement of PGA in biological samples. The first purpose of 
this investigation was, therefore, to develop a radioimmunoassay 
for the rapid determination of PGA content in the numerous samples 
required for physiological studies. Once developed the assay was 
used to study the effect of sodium intake on plasma prostaglandin 
levels in man, and on plasma and renal prostaglandin levels in 
normal ana spontaneously hypertensive rats. In an effort to 
establish the role of PGA in vasomotor tone plasma prostaglandin 
A levels in hypertensive patients were measured and a model for 


the regulation of blood pressure and sodium balance was developed. 


EXPERIMENTAL STUDIES 


RADIOIMMUNOASSAY OF THE A PROSTAGLANDINS 

One of the major factors limiting the full evaluation of 
prostaglandins as regulators or mediators of various physiologic 
processes has been the lack of a simplified assay with sufficient 
sensitivity, precision, and specificity to allow the measurement 
of the different classes of prostaglandins in biological samples. 
Recently, radioimmunoassay procedures have been reported for the 


F prostaglandins (PGF) (Caldwell, et.al., 1971) which have largely 
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overcome these limitations. However, no such method has been 
reported fa the A prostaglandins (PGA). Numerous protocols for 

the extraction, isolation, and purification of the A prosta- 

glandins and a wide variety of methods for their quantification 

have been reported. These include: thin layer chromatography 
(Horton, and Thompson, 1964), gas liquid chromatography (Ramwell, 
et.al., 1968), radiogas chromatography (Hamberg, 1968), biological 
assay (Vane, 1969), enzymatic assay (Anggard, 1966), and ultraviolet, 
infrared, nuclear magnetic resonance, and mass spectroscopy 
(Thompson, Los, and Horton, 1970). Despite the variety of techniques 
it has not been possible, until this time to measure the A prosta- 
glandins in the large numbers of samples required for clinical and 
laboratory studies. Therefore a radioimmunoassay for the A 
prostaglandins was developed using antibodies prepared by immunization 


of rabbits with a bovine serum albumin-prostaglandin E> conjugate. 


Materials and Methods 

Prostaglandin E, was covalently linked to bovine serum 
albumin by reaction with carbodiimide reagent as previously 
described for preparing similar conjugates with prostaglandin Fou 
(Caldwell, et.al., 1971). Considerable conversion of the BSA-PGE to 
BSA-PGA probably occurred during the coupling reaction, or through 
metabolism in the immunized animal. A study of the relative 
specificity of the antiserum showed the greatest affinity for PGAo 
(Figure 1, Table 1), therefore this antiserum will be referred to 


as anti-PGA. Rabbits were immunized weekly (for 4 weeks) with 
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% TOTAL BOUND PROSTAGLANDIN A,-3H 


1 mg of the conjugate divided into 4 injections, administered 
subcutaneously as an emulsion with saline and Freunds Complete 
Adjuvant (1:1). Monthly boosters were given without the Freunds 
complete adjuvant. The animals were bled periodically 10-16 days 


after the fourth and subsequent monthly immunizations. 
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Figure 1. Cross reactions of various prostaglandins with an 
antiserum to prostaglandin A at a dilution of 1/400. 


10 


bavoteh (the ,~aaohtoabhi + « 


shiva ik Sethe gevip etaw en ket) att 
ogeb 31-0 Whasino er betd onaw oi cit? . | 
sett inunesy yb ite: od copabaess: 


TABLE 1 


SPECIFICITY OF ANTISERUM DIRECTED AGAINST PGE,-BSA 


MASS REQUIRED RELATIVE 
PROSTAGLANDIN |TO DISPLACE 50% CROSS 
MEASURED |OF BOUND PGA,-3H REACTION (%) 


MOLECULAR 
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Extraction and Separation of the A Prostaglandins from Plasma 


A flow sheet detailing the method is shown in Figure 2. To each 
10 ml glass stoppered extraction tube, approximately 800 cpm PGA,-3H 
was added in 0.1 ml ethanol and dried under air. One ml of plasma 
was added to the tube and gently vortexed to ensure solubility of 
the trace. The sample was brought to pH 3.5 with 0.1 ml of 1 N HCL. 
The sample was vigorously extracted twice with 5 ml of redistilled 
ethyl acetate (Mallinckrodt, Analytical Reagent), and the tube 
centrifuged at 1,200 x g for 5 min. The ethyl acetate was removed 
and dried in a conical centrifuge tube. The efficiency of the 
extraction process was 90-95%. 

The following solvent systems were prepared for chromatographic 
separation. In each case, spectroquality reagents were used fresh, 
and the ethyl acetate was redistilled to improve its purity. 

Solvent 1: Benzene-Ethyl Acetate (60:40) 

Solvent II: Benzene-Ethyl Acetate-Methanol (60:40:2) 

Solvent III: Benzene-Ethyl Acetate-Methanol (60:40:20) 

Brock minicolumns (1.0 x 15.0 cm glass, Macalaster-Bicknell, 

New Haven, Conn.) were packed with a slurry of 0.5 gms silicic acid 
(100 mesh, Mallinckrodt) in Solvent II. A small piece of glass 

fiber filter paper was inserted in the bottom of the column. Each 
column was washed with 5 ml of Solvent II before the sample was 
applied in 1.0 ml of Solvent II. Benzene (1 m1) was added and 

the eluate discarded, then 0.25 ml of Solvent I was added and the 
eluate discarded. Four ml of Solvent I was added next and the eluate 


contained only the PGA and prostaglandin B (PGB). The 4 ml fraction 
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FLOW SHEET FOR RADIOIMMUNOASSAY OF A PROSTAGLANDINS 


1 ml PLASMA 


800 cpm PGA, -7H 
0.1 ml 1 N HCL 


EXTRACT 
2 x WITH 5 ml ETHYL ACETATE 


POOL EXTRACTS IN CONICLE TUBE 


| 


APPLY TO COLUMN 
COLUMN 


0.5 gm SILICIC ACID hts 
SLURRIED IN SOLVENT II 


SOLVENTS 
1 BENZENE/ETHYL ACETATE 
60:40 4. 
II. BENZENE/ETHYL ACETATE/METHANOL 
60:40: 
III. BENZENE/ETHYL ACETATE/METHANOL 
60:40:20 


DRY ELUATE AND ADD 1 ml ETHANOL 


ELUTE COLUMN 
1.0 ml BENZENE - DISCARD 
0.25 ml SOLVENT I - DISCARD 
4 ml SOLVENT I - PGA & PGB 
13 ml SOLVENT II - PGE 
4 ml SOLVENT III - PGF 


Tt 


Oe) mil 0.2 ‘mil 


DRY IN 10 x 75 TUBES ESTIMAT 
RADIOIMMUNOASSAY 
0.1 ml BIFFER 
0.1 ml PGA,- 3H (10,000 cpm) 
0.1 ml ANTISERUM 
2 HRS AT 4°C 
|1.0 ml DEXTRAN-COATED CHARCOAL 
CENTRIFUGE AT 1200 x g FOR 5 MIN 
DECANT SUPERNATANT 


COUNT BOUND 


0.7 ml 


ION OF RECOVERY 
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was dried under air, and recovery of the tracer PGA,-7H was 65-75%. 


The elution pattern of prostaglandins A, B, E, and F is shown in 


Figure 3. 
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CPM PROSTAGLANDIN 3H RECOVERED 
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ELUTION PATTERNS OF PROSTAGLANDINS A,B,E— & F 
VIA SILICIC ACID COLUMN CHROMATOGRAPHY 


PGA 
and PGE PGF 
PGB 
3 5 7 9 1 13 15 17 192 23 mi 
BENZENE / BENZENE / BENZENE/ 
ETHYL ACETATE: ETHYL ACETATE / METHANOL : ETHYL ACETATE / METHANOL: 
60/40 60/40/2 60/40/20 


Elution patterns of prostaglandins A, B, E, and A via 
silicic acid column chromatography. 
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Radioimmunoassay 

The assay was performed in 10 x 75 mm glass disposable tubes. 
Stock solutions of PGAg in buffer were aliquoted in duplicate 
through a concentration of 0.01 to 1.0 ng. The buffer was made up 
as follows: 5.4 g NaHoP04.Ho90, 16.4 g NapHPOq.7Ho0, 9.0 g NaCl, 
1.0 g Na Azide, 1.0 g gamma globulin, and 1000 ml distilled water. 
The PGA-containing fraction from the column was dried, dissolved in 
1 ml of ethanol, and 0.1 and 0.2 ml aliquots were taken and dried 
in assay tubes. The remaining 0.7 ml was dried and counted for 
estimation of recovery, which ranged between 65-75%. When all 
sample tubes were dried, 0.1 ml of buffer was added to each tube. 
Antiserum (0.1 ml, 1/400 dilution in buffer) and approximately 
10,000 cpm PGA, -7H in 0.1 ml buffer were then added to each tube to 
bring the final volume of all tubes to 0.3 ml. The tubes were 
gently vortexed and allowed to equilibrate for at least 2 hours at 
AOC: 

One ml of a buffer solution containing 0.25% charcoal (Norit A) 
and 0.025% dextran (Pharmacia, Upsala, Sweden) was added within 30 
seconds to all tubes in the assay, and 2.5 minutes later the tubes 
were centrifuged at 1200 g for 10 minutes. The supernatant was 
decanted directly into a scintillation vial and 10 ml Aquasol 
(New England Nuclear) added. Radioactivity was determined with 30% 
efficiency in a Packard Scintillation Counter, Model 3375. Sample 
values were determined using a logit plot with linear regression 
analysis (Figure 4). Initial binding in the absence of any standard 


PGA was approximately 50%, while nonspecific binding was always 
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less than 3%. The equation for determination of the logit value is 
1 = (p/100-p), where p = total counts bound (sample) x 100/total counts 
bound (blank). 


Results 

A composite of 6 standard curves obtained via the described 
method shows a significant displacement of a sample containing 20 
picograms of PGAs (Figure 4). When 1 ml of distilled water was 
carried through the method, displacement equivalent to 10-15 pg was 
obtained. 

In order to verify the accuracy and reproducibility of the 
radioimmunoassay, plasma samples were obtained from patients taking 
indomethacin for the treatment of rheumatoid arthritis. The 
samples were found to have markedly reduced levels of PGA in 
comparison with normals, and were then considered "blank samples." 
The concentration of PGA in plasma of such patients (N = 7) was 
found to be 0.18 + 0.16 ng/ml (mean + SD). Known quantities of 
PGA» were added to aliquots of these pooled plasmas and the samples 
assayed. Table 2 shows the correlation between prostaglandin 
added and recovered. Linear regression analysis of this data 
revealed a correlation coefficient of 0.999. The equation of the 


"added" versus "recovered" plot is Y = 0.99X + 0.067. (Figure 5). 
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Figure 4, 


.010 10 1.0 
PGA, ADDED (ng) 


Standard curve for radioimmunoassay of prostaglandin Aj. 
Each point represents a composite of 6 standard curves 
(mean + SD) run with 6 different assays. 
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Figure 5. 


Slope = .990 
Intercept =.067 
Correlation Coefficient = .999 


O 2 4 6 8 10 


PROSTAGLANDIN A»g ADDED (ng/ml!) 


Recovery of added PGA from plasma by radioimmunoassay. 
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Table 2 
RADIOIMMUNOASSAY OF KNOWN AMOUNTS OF PGA» ADDED TO PLASMA 


PGA, ADDED N PLASMA VOLUME PLASMA LEVEL OF PGA MEASURED* 
(ng) (m1) MEAN + SD 
(ng/ml ) 

0 5 1.0 0.12 + 0.04 
0.5 5 1.0 0.42 + 0.03 

1 5 1.0 1.08 + 0.09 

5 5 ] 4.95 + 0.31 

10 5 1.0 10.00: +° 0.30 

50 5 10 51.53" 4 559 
100 3) 1.0 96.15°% 1.42 


* corrected for recovery, uncorrected for plasma endogenous level 


The results of competition studies between PGA,-7H and 
prostaglandins Ao» Al, Eo; Ey» Bo, and Fo, are shown in Figure 
1 and Table 1. Absence of the ring double bond and the presence of 
an hydroxyl group at position 11 was found in PGE> results in 
decreased reactivity in comparison with PGAd. Movement of the 10, 11 
double bond within the ring to the 8, 12 position as seen in PGB> resulted 
in a further decrease in reactivity in comparison with PGE,. A consistant 
loss of reactivity was also related to the absence of the double bond 
at position 5, 6 (PGA and PGE5 vs. PGA] and PGE, ). Finally, a 


hydroxyl function at position 9 in the saturated ring results in the 
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most marked reduction of the cross reactivity (PGF2, in comparison 
with all above prostaglandins). 

Since the silicic acid chromatography completely separated the 
E and F prostaglandins from the A prostaglandins there is little 
concern with the cross reaction of these substances. PGB, however, 
is not separated from PGA in this system. The lack of prostaglandin 


isomerase in human plasma would suggest that sample contamination 


with PGB is of little consequence in humans.(Polet and Levine, 1971). 


This PGB cross reactivity, however, may be of concern in samples 
from animals with high levels of prostaglandin A isomerase (Jones, 
1970; Hortons et.al., 1971): 

Initial studies of prostaglandin A in peripheral plasma of 
normal adults revealed concentrations of 1.39 + 0.55 ng/ml in males 
and 1.62 + 0.52 ng/ml in females (mean + SD); this difference is 
not statistically significant. Patients with rheumatoid arthritis 
being treated with indomethacin were found to have concentrations 
of 0.18 + 0.16 ng/ml; this is a significant reduction in PGA 
concentration (p < 0.001) in comparison with normal adults. 

(Figure 6) Further studies in 50 normal humans revealed plasma 
prostaglandin A levels to be 1.51 + 0.24 ng/ml (mean + SD), range 
1.04 - 1.87. Plasma PGA levels in six anephric humans were found 
to be 0.19 + 0.05 ng/ml (mean + SD), suggesting that the kidney was 


a major source of circulating PGA. 
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Figure 6. 
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Peripheral plasma levels of prostaglandin A in normal males 
and females and males with rheumatoid arthritis treated 
with indomethacin. 
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Because of the lack of uniformity in the methods for 
collection of samples for prostaglandin determination, both plasma 
and serum samples were studied in 9 individuals. The results 
(Figure 7) show that there is no consistant alteration in the PGA 
concentration during the clotting process. The level in heparinized 
plasma was found to be 1.15 + 0.40 ng/ml and in serum was found 
to be 1.34 + 0.59 ng/ml (mean + SD). In order to ensure accurate 
determination of PGA levels in biological samples, assays should 


also be completed as soon as possible after sample collection. 


Discussion 
Ever since the report by von Euler (1934) of the isolation 
of vasoactive lipid molecules from seminal vesicle tissue, attempts 
have been made to develop rapid, accurate, and sensitive means 
to measure prostaglandin content in biological samples. The 
radioimmunoassay procedure described in this report now allows 
for the measurement of prostaglandin A levels in plasma or serum 
samples. 
In view of the relatively high levels of PGA found in human 
plasma in this study, and the failure of the pulmonary or hepatic 
circulation to inactivate prostaglandins of the A series to the 
same degree as PGE and PGF, Lee's postulation of a potential 
function for PGA as a circulating vasodilatory hormone may be justified. 
Indomethacin is a known prostaglandin synthesis inhibitor (Collier, 
1971; Ferriera, Moncada, and Vane, 1971; Vane, 1971; Smith and Willis, 
1971), and treatment of patients with indomethacin on a long term 
basis for the management of rheumatoid arthritis has been shown in 


this study to markedly reduce the peripheral levels of PGA. 
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Figure 7. Comparison of PGA levels in serum and heparinized plasma 
from the same individual. 
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THE EFFECT OF CHRONIC SODIUM LOADING AND CHRONIC SODIUM RESTRICTION 
ON PROSTAGLANDIN SYNTHESIS AND RELEASE 

In 1965, Lee and co-workers presented evidence that prosta- 
glandin E> (PGEa), and medullin, later renamed prostaglandin Ao (PGA>) 
were present in the renal medulla, the portion of the kidney known 
to have vasodepressor properties (Muirhead, Stinman, and Jones, 1960c). 
Nissen (1968a, 1968b) demonstrated that a period of salt repletion 
in salt depleted rats induced an increase in the number of lipid 
droplets in renal medullary interstitial cells. By use of tissue 
culture techniques it was shown that these renal interstitial cells 
contain prostaglandins Aj, Eg, and Fy, (Muirhead, et.al., 1972b). 
In addition to the presence of prostaglandins in the renal medulla 
increased levels of prostaglandin-like material have been demonstrated 
in renal venous blood in response to a number of physiologic stimuli, 
including renal nerve stimulation (Dunham and Zimmerman, 1970), 
adrenaline (McGiff, et.al., 1972), bradykinin (Lonigro, et.al., 1971), 
angiotensin II (McGiff, et.al., 1970a), and renal ischemia (McGiff, et.al., 
1970e). 

The evidence that prostaglandins were present in the renal 
medulla and seemed to respond to physiologic stimuli led workers 
to study the effect of prostaglandins on blood pressure and renal 
function. Prostaglandins E and A have been shown to increase renal 
blood flow, urine volume, free water clearance, and sodium excretion 
when infused in dogs (Johnston, Herzog, and Lauler, 1967; Vander, 
1968; Carriere, Friborg, and Guay, 1971; Martinez-Maldonada, et.al., 
1972; Lee, 1972a). Renal effects in hypertensive man are similar 


to those in dogs when PGA is infused at low concentrations, however, 
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at higher concentrations a vasodepressor effect predominates 

(Carr, 1970; Westura, et.al., 1970; Lee, Johnson, Smith, and Hatch, 
1972). In addition recent studies in man have indicated that PGA 
increases aldosterone secretion independent of changes in ACTH, 
renin, and serum electrolytes (Fichman, et.al., 1972). 

Thus a growing body of evidence suggests that prostaglandins 
play a role in the regulation of blood pressure and salt and water 
balance. Using the recently developed radioimmunoassay for 
prostaglandins the effect of sodium loading and restriction was 
studied in normal humans, and in spontaneously hypertensive and 


normotensive Wistar rats. 


PLASMA PROSTAGLANDIN A, E, AND F LEVELS IN NORMAL HUMANS 


Materials and Methods 

Experiments were carried out in seven human volunteers from 
whom informed consent was obtained, using a protocol approved by 
the Clinical Investigation Committee of the Yale University School 
of Medicine. 

There were four male and three female volunteers ranging in 
age from 22 to 36 years old. Drugs were not taken during the course 
of the study with the exception of an estrogen-progestin oral 
contraceptive by K.J. None of the subjects had history of serious 
illnesses of any type. One subject (JG) had a questionably enlarged 
liver; his liver function studies were normal. 

The course of the experiments lasted fourteen days during which 
each subject went on three diets: 1) a four day ad-lib dietary 


control period during which the subject ingested his usual daily 
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sodium intake, 2) a five day duration ad-lib diet supplemented by 
six one gram sodium chloride tablets per day, which was calculated 
to yield a total of over 200 mEq sodium intake per day and 3) five 
days of 10 mEq sodium diet prepared by the metabolic dietary kitchen 
of the Clinical Research Center. In one group of subjects the 

low sodium diet followed the high sodium diet after a one day 
interval (subjects RZ, JG, DS, KJ), in the second group after a 
seven day interval (subjects BK, GD, GS). Potassium and caloric 
intake were not controlled. For comparison to control (ad-lib diet) 
data, only data from the last three days of each experimental period 
were used for calculation of mean prostaglandin levels. '"P" values 
were determined by the student t test. 

Blood pressure, weights and blood samples for prostaglandin 
and renin levels were taken daily between 8 and 9 A.M. Blood 
pressures were taken in the sitting position. Blood samples for 
determination of creatinine, electrolytes and hematocrit were 
obtained on the last two days of each experimental diet. Twenty- 
four hour urine collections were made during the last two days of 
each experimental diet period for measurement of sodium, potassium, 
and creatinine excretion. 

Blood for renin determinations was collected in vacutainers 
containing EDTA, blood for prostaglandin in heparinized vacutainers. 
Blood was centrifuged (1200 x g) immediately at 4°C, and after the 
red cells were removed, plasma was stored at -20°C until analysis. 
Sodium and potassium were determined by flame photometry. Creatinine 


was measured on a Technicon Autoanalyzer. Plasma renin activity was 
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measured by radioimmunoassay (Haber, et. al., 1969). 

Prostaglandins were determined by radioimmunoassay. Since 
this method does not distinguish between prostaglandins Aj, E] ana Eo, 
or Fy and Fo,, the concentrations reported are of the total prosta- 
glandins for each type and are designated simply as PGA, PGE, and 
PGF, respectively. Prostaglandin A cannot be separated from 
prostaglandin B by column chromatography. The low cross reactivity 
of the antiserum with PGB in comparison with PGA and the lack of 
an enzyme system in humans to convert PGA to PGB in the plasma 
indicates that contamination of the sample with prostaglandin B 


is of minor concern. 


Results 

A summary of measurements of blood pressure, serum sodium, 
serum potassium, serum creatinine, creatinine clearance, sodium 
excretion, weight, and plasma renin activity is shown in Table 3. 
High Salt Diet 

The high salt diet led to an increase in weight in all 
subjects except GS. The mean increase for the group was 1.1% of control 
body weight (p < .04). This was associated with increased urinary 
sodium excretion from an average baseline of 151 mEq/day to an average 
of 230 mEq/day. There was no significant change in blood pressure 
or in serum sodium or potassium concentrations. Although serum 
creatinine did not change significantly, creatinine clearance 
increased from 117.8 cc/min. to 130.7 cc/min. (p < 0.03). 

As expected, plasma renin activity was lower during the high 


salt diet than during ad-lib or low salt diet in every subject. 
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Low Salt Intake 
The 10 mEq sodium diet led to a mean weight loss of 3.7%. 


Systolic, diastolic and mean blood pressures fell in every individual, 


averaging 4.5, 3.4 and 3.7% decrease from baseline values respectively. 


Mean serum sodium fell 2.3 mEq/L, (p < 0.002) but serum potassium 
did not change from control levels. Every subject reached urinary 
sodium outputs of less than 10 mnEq/day by the fifth low sodium day 
except GS who excreted 21 mEq/24 hours. Mean serum creatinine rose 
significantly from 0.96 to 1.15 mg% (p < 0.02). Renin levels rose 
over baseline values in every subject during salt restriction. 
Prostaglandin A 

Mean plasma concentrations of Prostaglandin A for four ad-lib 
control days and for the last three days of each experimental 
period are shown in Table 4 and Figure 8. 

During the ad-lib sodium intake mean plasma PGA was 1.60 ng/ml. 
The level fell almost 50% during the high sodium diet to a mean of 
0.82 ng/ml. During the low sodium diet PGA levels rose approximately 
34% over baseline, and 161% over high sodium intake to 2.15 ng/ml. 
These changes were significant at p < 0.001. 

Sequential changes of PGA are shown on a daily basis in Figure 9. 
In every subject PGA levels dropped dramatically during the second 
day of the high salt diet and plateaued at this new level. The effect 
of low sodium intake of PGA levels is somewhat more gradual, although 
this could reflect the effect of the prior salt load. However, there 
was no difference in the rate of change of PGA in subjects in whom 


low salt diet immediately followed high salt diets and in those 
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subjects in whom the two dietary periods were separated by six 
days. If prior salt loading had an effect on PGA levels during 
sodium deprivation, one would expect a difference in the two 
groups of subjects since it would seem likely that at least in the 
second group, control conditions would have been re-established. 
Plasma PGA levels rose during the low sodium diet and 
plateaued during the fourth day in most subjects, although the 
mean for the dietary period was determined from the last three 
days for statistical purposes. In one subject (DS) the levels 
of PGA did not rise significantly for the period as a whole. We 
cannot ascribe this response to dietary indiscretion since other 
parameters changed in expected fashion during this period in this 
subject. 
Prostaglandin E and F 


Neither prostaglandin E nor F changed significantly during 


the dietary periods (Figure 8). 


wt att ne sandy t th i denne om Srii aati sen ? 
i Deaal 36 Suet yivited Gwar biuow. Gaia sogtdue Yo KivBoig 
navel doses-9y novd wenn Blodw mohtibnas Torti. .querge bnaoe2 
tine Jo)b mutioe wot set pn live eaoy etavel AQ snaal? . 
amd inghiodts Te shot due Seed wi) yew dinvet itt privub bayvagtetq 
“oer? san} SAS .NOD Howidiryay sty Sey botisg wiggeth ent votonnem 
sfevel elt (cl) Jou.cur wm mt .eweoiie lerbtatanda ‘ot. 2ysb _ 
 s8T00W 6 26 botsea won Gh! ¥feanor tmp ta oats ton brh ABI Me 


wide sont nabisisctini wietell of weangesy zhiy odtoRe Sannbs 
ata nt netaig. e408 WOW SO Pon? bed 2e0ks af bonne TIBI IMG HY - 
: Jopbdue 
4 See 3 nts tpndeons 

pape efvaes t9Fow: eens 1 on 2 Ki inelyatenrg “rartipalt 
(eh erp Pa) ebolyeg yatath odd 


30 


cQ° > SN g00° > SN ONLeA d 


£°9 + e't¢+ -6°0 + 9°L- LO+Lé BL + Bet WaS + abueyg % 
80° + SL*l GO’ + $6°0 6°O +966 c+ €6 © + OGL C+ 96 WAS + UeDay 
ayeqUT 
MOT UBL qL7 py MOT YB LH qty PY ATES 


Zpw “AULULZeaUD WNUas 9H ww *qq uray 


SN SN 200" = SN ONLeA d 
70 + 0°04 eo 6 ace Ge) 2 fim 8°02 60 WAS + abueu9 % 
60° + L6°€ ig” 2 Org 90° + L6°¢ Hy > OOFEL- O° 4 SSel- Se Ckocl WaS + ueay 
ayequy 
Mo UBLH ql7 PY MOT YB Ly qi] PY +12S 


j/bqw Swnisseqiog wnuas | /bqw *‘wnLpos wnuas 


one SN 20° > SN BnLeA d 
6°0 + P'e- S°L + LL pil +G yo $°2 + 7°S+ WAS + ebueug % 
2+ 97 2+ 8/ 2+ 62 yp + tt p+ L2l y+ GL Was + Ural 
aye LUT 
Mo YB LH ql7 py MO7 uBLH qL1 py 2128S 
JH ww *qq DLLoyselq DH wu © qq ILL07SAS 


SNVWMH WHYON NI LHOTSM ONY SALIATLOV NINSY YWSW1d “NOILAYDXA WATGOS “3ONVEW3T9 
JNINILVAND SANINTLVINO WNYAS ‘WATSSWLOd WAYS ‘WNIGOS WNYSS SFYNSSIYd GOOTd NO FMVLINI WATGOS 40 Ld4asd4 
€ Alavi 


ra pala MUTZZATOR Musa MsIdOe MURIE 


- 
90... 2 
s 

wit 

ac. > ve. bo 20, 0e! 
Fa 2 Nat 
. “Te 
Mb T3< - 
1 it ae 
iy 3 : 


“+ 


of. id : gz 


Sigil 


ai 


ae 


| m2 + meal 
a 2:82 "32 + epnadd & 
a = fe 


3] 


‘poltuad AuezaLp yoea jo sAep Z 7Se| 

duz UO Udye} SJUaWaUNSesuU JO aHeusAe aux sjZUaSaudau SULULZeSUD UINU|aS SUINLSSeZOd eUISe[d 
‘untpos eusetd ‘wntpos Aueulun Sadueueald SULULZESUD JO UedW “SpOluad |yeQUL WNLpOS 
Mo, pue yBLy auz Jo Shep € LeULJ SUZ puke *4Z9LD GL, pe JO Shep yp Hulunp sjUaWduNseduUl 


40 abeuare ay. squasaudau uosuad yoea wos aunssaud poolq pue uLUdu *ZUBLOM JO URdW » 


Loo’ > LOO" > LOO" > yO" > anleA d 

8°09 + BGGy+ 6°2 + 7'8S- GO+L€ yO+l'l Was + ebuey) % 

GL°O + 6b°8 €0°+ 19° ZL° + 6r'L Q°ZL + L°6vL a ey ag) L°e€L + O° LSL WAS + ueay 
MO Yb Ly qi7 Py MO7 YB LH qi7 py yee 


dnou/{w/bu *AZIALIOY ULUay eWseld 


spunod “qubLam 


L00" > GOO" > Z0° > €0° > anlen d 

€°2 + 9°L6- 2°2L + L*6S+ OG = ie 9°74 Geel WAS + abuey % 

O°'2 + OL LOL + 6°0EZ2 GL + €°LSL 9°OL + 8°L6 D6 +8 OC. - Ob + eZ WAS + ueay 
MO] YBLH qi7 PY MO] YB LH qty Py eat 


"AY pz/baw SuNtpos AueuLun ULW/LW *adueued|) AULULZEDUY 


Gil GA wo. 7 
eels £.faf 0.0f +.3.%@ V.€4 5.0Er Eff + 8.00 
4.2 4 TAf- Sb + Bere 


$0: : £0, > 


“ 
& 


: FFs ; 7 = 
BB+ Bae Tog + es j.gets 


Too, + we 2 : => > by 


14 Gy Sys ay Zas7TNQnT NODiss ise TO svizteug bOal dé: bis nin dio tow te nogtt * 


Ot Sie iN Gt Fe aval E fant! af & es 2 Ui be tS zvs0 © SkMte hams eco 
jeviSae mith Hele. ‘E0(%s S°P6ONe Oo. SiarJees: to sash .ebePeia s4edni euthoe 
ope Hina Vb 3 WE® DHS SIAWEsTYST Gini L979, wise. .gylessjae Guzsia 


- . :boresq ViEvalb note to eveb $ tee) 


as 


32 


SN SN Loo" > L0O" > ane d 
L°Z2L + 2°S+ CLs ou GO+Ee PEt Cf + E°8H- WAS + V % uray 
LO’ + 2° LO’ + 2° 20° + G2" 60° + vL°2 GO’ + 28° 90° + 09°L WAS + uesy 

GZ" eZ" 62" 9€°2 iZ"0 byl Zu 

82° 92° oe 02°2 79°0 L9°L 0» 

ie LZ" EZ" EL*2 yL°0 GL°L oC 

Le" 22" ie L2°2 98°0 Let s9 

02° 22" Le" 06°L 280 Ge" a9 

rea ia Ze" Aae| 00°L 09° Sd 

G2" 2" 02° Lee 66°0 ef 19 

M07 qty Py MOT YB LH qiy py = ayequy §=yoelqns 

4128S 
w/bu pw/bu 
J NIGNYISVLSOUd VW NIGNYT9VLSOUd 


SNWWAH TWWYHON NI STSA47 4 ONY °4 SV NIONWTSVLSOYd WWSW1d NO JAWLINI WNIGOS 40 193443 
v A1gvl 


ah 


‘ 


* f BUaAT 
- — : - : - es 


figtis itd BA wos Aigtite | 
> BS: og,  ME.8 22.0 et.f 

| Xf: E, ot. 00.7 oa. 

ns: Ss. ie. ne. f . GRO 2.5 

fe. S [s. $5.5 a | rt.! 

ts, tS. . &: . eP.s 0.0 ar 

as, By $s. 533 bai aa 

et Es S WE 2. iy.2 ASAT 
iO, + Be i. 4 ae, 2 ci Rp, + OF "00, =! Be ou. + DAF 
f =. ¥- Lae ewe 8 6F 8 ep 

ei oF e thn 


33 


IC - 


MO] 


SN 

0°8 + 9°S- 

vO" + SE" €0° + 8€° 
0G" 8" 
Le" Ov" 
A Si vi" 
Sc" Ge" 
GZ" 62° 
ge" Ze" 
if QC" 
UBLH qty py 


[w/5u 
4d NIGNVT9VLSOUd 


eNLeA d 


WIS + V % ueay 


By4eVUT 
LES 


WAS + uray 
Zu 
Cy 
9° 
S9 
a9 
Sd 
1d 


qoalqns 


M32 + nea 
Nae +4 2 «en = F 
sufs¥ 4 | a 


34 


EFFECT OF SODIUM INTAKE ON PLASMA 
PROSTAGLANDIN LEVELS 
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Figure 8. Effect of sodium intake on plasma prostaglandin A, E, 
and F concentrations in normal humans on high, low, and 
ad-lib sodium intake diets. 
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EFFECT OF SODIUM INTAKE ON PLASMA PROSTAGLANDIN A 
CONCENTRATION IN NORMAL HUMANS 
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Figure 9. Effect of sodium intake on daily plasma prostaglandin A 
concentrations in normal humans. Day-to-day levels of 
prostaglandin A in peripheral plasma of seven normal human 
volunteers on high, low, and ad-lib sodium intake diets. 
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PLASMA AND RENAL PROSTAGLANDIN A LEVELS IN SPONTANEOUSLY HYPERTENSIVE 
AND NORMOTENSIVE WISTAR RATS 
Materials and Methods 

Normotensive and spontaneously hypertensive wistar rats 
(Okamoto and Aoki, 1963) weighing 330-380 grams, were placed on high, 
low, and normal sodium diets. The composition of the diets has 
been described (Manitus, et.al., 1960). The three diets were: 
1. Normal sodium intake - a diet containing 102 mEq sodium per 
kilogram; distilled water was used for drinking, 2. Low sodium 
intake - a diet containing no measurable sodium content; distilled 
water was used for drinking, 3. High sodium intake - a diet 
containing 102 mEq sodium/kg and 0.9% sodium chloride was the drinking 
solution. Rat weight, food intake, and blood pressure was monitored 
on each sodium intake diet. 

After two weeks on one of the above diets, the animals were 
Sacrificed by decapitation, and blood collected using sodium EDTA 
as the anticoagulant, centrifuged (1200 X g at 4°C), and the plasma 
stored at -20°C. The kidneys were removed, cleaned of fat, and 
weighed; each kidney was homogenized in ten milliliters of saline. 
SH-PGA, (New England Nuclear, specific activity 50-60 microcuries/ 
millimole) was added to allow for calculation of total PGA recovery 
after homogenization and assay. 

Prostaglandin A was determined by radioimmunoassay. The biood 
pressures were determined by the tail-cuff method in unanesthetized 


rats. 
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Results 

The results of plasma and renal PGA determinations are shown 
in Table 5, and Figures 10 and 1]. Student's t test was used for 
Statistical analysis. 

High salt suppressed and low salt increased plasma and renal 
PGA concentrations significantly in both normal and spontaneous ly 
hypertensive rats. 

In the normotensive Wistar rats, plasma PGA levels on the high 
and low sodium diets differed significantly from the levels found 
in rats on the normal sodium intake (p < 0.001). Renal tissue PGA 
levels were also significantly altered on low and high sodium 
diets in comparison with normal sodium intake (p < 0.005 and 0.001 
respectively). 

In the spontaneously hypertensive Aoki rats plasma PGA levels 
on the low and high sodium diets differed significantly from the 
levels found in these hypertensive rats on the normal sodium diet 
(p < 0.02 and 0.04 respectively). Renal tissue PGA levels were 
also significantly altered on low and high sodium diets in comparison 
with normal sodium intake (p < 0.01 and 0.002 respectively). 

Moreover plasma PGA levels were significantly higher in the 
spontaneous ly hypertensive rats in comparison with the normotensive 
rats on each diet, p values were less than 0.005, 0.02, and 0.001 on 
the low, normal, and high sodium diets respectively. Similarly 
renal PGA levels were higher in the spontaneously hypertensive rats, 


p less than 0.02, 0.04, and 0.004 on the low, normal and high sodium 
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diets respectively. 

Linear regression analysis (Figure 3) of plasma versus renal 
PGA levels revealed a very high degree of correlation (regression 
coefficient = 0.891, p less than 0.001) in both the spontaneously 
hypertensive and normotensive rats. 

Blood pressure did not significantly change in any of the 
rats on the three sodium intake diets. 

There was no significant difference in the food intake of 
the rats on the high, low, and normal sodium intake diets. The 
rats drinking 0.9% NaCl took in 20-70 ml/day with a mean of 40 mi/day, 
resulting in a mean additional intake of 6 mEq of sodium per day. 
There was no significant difference in the rate of weight gain or 


blood pressure of any of the rat groups. 
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EFFECT OF SODIUM INTAKE ON PLASMA PROSTAGLANDIN A 
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Figure 10. Plasma prostaglandin A levels in hypertensive and normotensive 
rats on high, low, and normal sodium intake diets 
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EFFECT OF SODIUM INTAKE ON RENAL PROSTAGLANDIN A 
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Figure ll. 


rats on high, low, and normal sodium intake diets. 
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Renal prostaglandin A levels in hypertensive and normotensive 


CORRELATION OF PLASMA AND RENAL PROSTAGLANDIN A 
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Figure 12. Correlation of plasma and renal prostaglandin A levels in 
hypertensive and normotensive rats on high, low, and normal 
sodium intake diets. 
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DISCUSSION 

The results of these studies show that in both the normal 
human and the spontaneously hypertensive or normotensive Wistar 
rat changes in dietary sodium intake influence plasma PGA levels. 
In the normal human it was shown that there are no changes in 
circulating PGE or PGF levels. This observation does not however, 
exclude the possibility of renal changes in PGE or PGF since 
metabolism of the E and F prostaglandins by the pulmonary 
circulation would prevent observation of such changes in the 
peripheral plasma. Furthermore, the observation in the rats 
that the plasma changes in PGA levels are parallelled by changes 
within the renal parenchyma suggest that both PGA synthesis and 
release is increased by sodium restriction and decreased by sodium 
loading. 

These experiments do not elucidate the source of circulating 
prostaglandin A, however, it seems likely that the kidney contributes 
to the plasma levels. Prostaglandins A, E, and F have been found 
in the renal medulla and prostaglandin-like substances have been 
shown to be released from the kidney in response to several 
types of physiologic stimuli. The close correlation (regression 
coefficient = 0.891, p less than 0.001) observed between the plasma 
and renal PGA levels in the rat studies certainly suggests that 
plasma PGA levels are effected by changes in renal PGA synthesis 


and release. 
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It is significant to note that the plasma and renal concentrations 


of PGA in the spontaneously hypertensive rats were higher than in 
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the normotensive Wistar rats in each dietary group. It is possible 
that PGA, a potent vasodilator, is released as a compensatory 
response in the spontaneously hypertensive rat. It is also possible 
that intrarenal stimuli, perhaps vascular spasm or local ischemia, 


stimulate PGA production. 
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PROSTAGLANDIN A LEVELS IN HYPERTENSIVE HUMANS 

The evidence that the kidney plays an antihypertensive 
function and that prostaglandins may play an important role in 
protecting the "normal" blood pressure has been reviewed previously 
in the introduction to this thesis. Studies in the spontaneous ly 
hypertensive rat have shown that these animals have increased 
plasma and renal levels of prostaglandin A suggesting that there 
iS a compensatory release of this potent vasodilator in an 
attempt to lower blood pressure from its abnormal elevation. 

In studies by Westura et.al. (1970) and Lee, et.al. (1971) 
it was shown that the intravenous administration of prostaglandin A, 
to patients with essential hypertension resulted in lower blood 
pressure without marked alteration in renal blood flow and sodium 
homeostasis. These observations, along with studies which 
have shown that intra-arterial administration of prostaglandin A 
increased blood flow to the coronary, carotid, femoral, brachial, 
mesenteric, pulmonary, cutaneous, and renal circulations (Nakano, 1968; 
Nakano and McCurdy, 1967, 1968; Hauge, et.al., 1967; Lee, 1968) 
led Lee to suggest that a deficiency of prostaglandin A in the 
circulating plasma may play a role in the pathogenesis of 


hypertension (1972a). 
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Lee has postulated that a deficiency of circulating PGA 
may alter vasomotor tone in two possible manners. First, a 
deficiency in arterial PGA levels may result in an increased 
vasomotor tone due to the lack of the normal vasodilating effect 
of the prostaglandins on the vasculature. Second, a deficiency 
of intrarenal and circulating prostaglandin may result in relative 
cortical ischemia resulting in the release of increased quantities 
of renin, with the resultant increase in circulating angiotensin II. 
Either or both of these mechanisms may play a role in the pathogenesis 
of hypertensive states, in particular the development of essential 


hypertension. 


Materials and Methods 

Twenty-three subjects were evaluated as patients in the Yale- 
New Haven Hospital. Hypertensive medications, diuretics, and 
potassium supplements were discontinued approximately 14 days prior 
to evaluation. All patients underwent complete physical examination 
and laboratory evaluation which included urine analysis and culture, 
serum blood urea nitrogen, creatinine, sodium, potassium chloride, 
and bicarbonate, plasma cortisol, twentn-four hour catecholamine, 
17-hydroxy steroid, and 17-keto steroid urinary excretion, chest 
X-ray, EKG, and rapid sequence intravenous pyelography. The 
diagnosis of essential hypertension was made in those patients with 
no evidence of adrenal hypertension, parenchymal renal disease, renal 
artery stenosis or excess catecholamine excretion. The diagnosis of 
renal artery stenosis was made on the basis of intravenous pyelography 


and renal arteriography. 
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Blood was collected in vacutainers containing heparin or 
EDTA as the anticoagulant and was centrifuged at 4°C (2200 x g) 
to remove the red cells. Plasma was stored at -20°C until 


radioimmunoassay for renin activity and prostaglandin A. 


Results 
ESSENTIAL HYPERTENSION 

Table 6 snows the age, sex, blood pressure, daily sodium intake, 
plasma renin activity,and peripheral prostaglandin A level in the 
14 patients with essential hypertension. Figure 13 shows a 
comparison of these patients' PGA levels with normal humans on low, 
high, and ad-lib sodium intake diets. 

There were 8 male and 6 female subjects; the mean age was 
47.7 years, range 24 - 84. Mean PGA levels were 0.60 + 0.07 ng/ml, 
range 0.03 - 0.98. These levels are markedly depressed in comparison 
to normal humans on ad-lib or sodium restricted diets, p less than 


0.001 in each case. 


HYPERTENSION SECONDARY TO RENAL ARTERY STENOSIS 

Table 7 shows the age, sex, blood pressure, daily sodium 
intake, plasma renin activity, and prostaglandin A levels in 9 patients 
with hypertension associated with renal artery stenosis. Prosta- 
glandin A levels were determined in the peripheral plasma in all 
9 subjects. In 8 subjects PGA was measured in renal venous blood. 
The sample designated as ipsalateral represents the renal vein 


of the kidney with the renal artery stenosis; the contralateral 
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sample refers to the renal vein from the "normal" kidney. 

There were 4 male and 5 male subjects, mean age 40.4 years, 
range 11 - 65. Peripheral plasma PGA levels were 0.69 + 0.07 ng/ml 
(mean + SEM), range .24 - .96. These levels are markedly depressed 
in comparison to normal humans on ad-lib or sodium restricted diets 
(Figure 13), p less than 0.001 in each case. 

In all 8 subjects in which renal venous samples were available 
there were greater levels of PGA in the renal venous plasma from 
both the ipsalateral and contralateral kidneys in comparison with 
the peripheral PGA levels. Ipsalateral venous values were 1.23 + 0.26 
ng/ml; or 172.7 + 31.8% of the peripheral value, p less than 0.05. 
Contralateral venous values were 1.61 + 0.30 ng/ml; or 225.7 + 38.3% 
of the peripheral value, p less than 0.02. Contralateral venous 
values were significantly elevated in comparison with the ipsalateral 


values, p less than 0.002. 


CORRELATION OF PLASMA PROSTAGLANDIN A AND RENIN ACTIVITY 

Figure 14 shows a comparison of peripheral plasma renin 
activity and prostaglandin A level. In the studies on the effect 
of sodium intake on plasma prostaglandin A levels in normal humans, 
plasma PGA and renin activity were shown to change in parallel 
fashion in response to changes in dietary sodium intake. In the 
hypertensive patients studied in this investigation the level of 
plasma PGA was inappropriately depressed when compared to their 
plasma renin levels. In 15 of 16 patients there was a significant 
discrepancy between the prostaglandin A concentration in the venous 


blood and the simultaneous renin activity. 


48 


7 t6sy h ht $0: n90 nee ston 
_-Te\pa tO. 4 09.0 Hew. 2 afevel. not ewan f . 
bezesiqek yfoodren aye 2fovel wend. 
ateth bog atasean muine vo dtfsbs so: ernonturt hewiin ‘ot switd , aa ' 
.9%69 floss nt 100.0 nade exalt qi oleh . 

SUNT Tye anew ¢afymba, evonay Fenner to tw nr zasebdue 8 Hts a 
Ot geste eeniav Taney ot ab ‘AY to etavel Vd S HY 19m ovo 
diiw metinqmos ni ayeabta tauteiisbers bos. Tenatstsagt ani: (oi 


aS 0+ £5.) gvew tenfav’ guorsy Yeratetseqr wefavet Nas fovea 


=! 
2 
= 
fe 
e 
c=! 
“ 
eS 
cc 
a 
es 
<= 
— 
= 
<= 
all 
=) 
a 
pS 
ors 
t+ 
i 
7 
Fe 
- 


#C.8E + {2st 40 piv\pa Sf. + 18.1 stew seuTev auonov' seaisdianl me ‘ 
evoney Toratafartnud 80.0 wilt geet gq sha f orig rad: o 
jeretalneg? set attw noatreqions of bedevele vidnes tt apte 30 ou Tey 


S008 mans ont muta 


t 


VCLyETOA WIM oA AC MTOWAS 


Ainey omen hy raven tag, o\goe tinqman &.aworta ca ’ sae 
vo6?¥e sey ry an thay wr al. yf wun, ein siatah bs 


add nl .adeant wwiese ona a et 


tary’ 


49 


9€°0 2e°0 qI1-ay ve/W Al 


= 86°0 q11-ay L9/W "EL 
- 6S°0 q11-ay v8/W “ZL 
0°9 06°0 OL 
coal €0°0 qI1-dv G2/W “LL 
2 6L°0 qI1-av S/4 “OL 
Ly 09°0 qI1-av G2/W 6 
[ez Ge"0 q11-av 0¢/W z:) 
9°8 39°0 g11-av 2b/4 a 
. LL'0 q11-av 69/4 a) 
Ly 65°0 vb 2b/4 "g 
= 73°0 q11-av 6b/W Y 
- G8°0 q11-av LS/W “€ 
- €7'0 q17-av 85/4 iz 
02°0 LS°0 qi7-av 8/4 “ 
(unoy/|w/bu) ( [w/6u) (sunoy $2/b3wW) 
ALIAILOV NINSY VY NIGNWT9YLSOUd AYWLNI WA1GOS q9v/XaS INIT Ld 


NOISNALYAdAH TWILNASSS HLIM SLINATLWd NI ALIATLOW NINSY GNV V NIGNV19VLSOUd WWSYT1d 
9. daveb 


ai 


Ww 


| 


81J-Ga 
f1J-dA 
ot 
Si J-UA 
BiH 
RT 5-14 
sh IA 
#7308 


Bi dk 


33-04 


-uf 


a 


50 


8°S Gace 9"? 98°0 09°0 65°0 ; OL vS/W 6 
€°9 tle 09 LEO og 0 72°0 OL g9/4 8 
vol €- Ol 6°6 OG4¢ 80°2 96°0 OL 60/4 a 
roe’ eo 9° 8h OL L 06°0 OL GS/W 79 
a sig GE re si 09°0 a11-dv L¢/4 °G 
Gr 62 ae Soa LO- I L6°0 ai 1-ay 9G /W Y 
Lele ESE ~ Le 26° L vO°L 65°0 OL pe/4 cc 
Gre 6°€ ge 26°? IS“ EDO ar 1-av LL/4 ad 
OFS A GGG ov Blt 9£°0 OL 6L/W ak 
[euazeleuzuo) [euazepesdy jeuaydluad [euazeleuzuo) Leuazelesdy] [euaydiuag (sunoy pz/bqwW) 


JAIVLINI WNTGOS  39V/X3S  LNATLWd 


STSONALS AYSLYY TWN3d HLIM SLNATLYd NI ALIAILOV NINJY ONY V NIGNVT9VLSOUd WWSW1d 
£ A1gVvL 


n 


® 

et 
- 
F: 
= 


mm _ i-é i aa] ' 
y se OD CS ; 
ony a = a 
a ... iF @» evr) 
we & feat y 
= 
—— : foal } t 
Perr; Pas S : 
Cc? fom = = -_ ~ Le’ - @ 
2 
one | 
7 = ~ _ 4 >: 
. * ’ . _ * - : 
= © wy —{ ~~ — ~_ — 
& 
= -“ 


Prostaglandin A, ng/ml 


COMPARISON OF PLASMA PROSTAGLANDIN A CONCENTRATIONS 
IN NORMOTENSIVE AND HYPERTENSIVE HUMANS 


2.0 a MEAN SEM 


0.8 


0.4 


Intake mEq /day mEq/day HYPER- WITH 
NORMOTENSIVE | TENSION RENAL ARTERY 
(N=7) (N=14) STENOSIS 
(N=9) 


Figure 13. Comparison of plasma prostaglandin A levels in normal 
humans on high, low, and normal sodium intake diets 
and patients with essential hypertension or hypertension 
associated with renal artery stenosis. 
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CORRELATION OF PERIPHERAL VENOUS PROSTAGLANDIN A 
AND RENIN ACTIVITY 
IN NORMAL AND HYPERTENSIVE HUMANS 
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Linear regression 
analysis for 
normal subjects 


+} Normal subjects 
(MeantSEM; 
N=7) 


Plasma Renin Activity, ng/ml/hr 


@ Essential 
hypertension 


O Hypertension with 
renal artery stenosis 


0.5 1.0 1.5 2.0 2.9 3.0 
Prostaglandin A, ng/ml 


Figure 14. Comparison of plasma renin activity and prostaglandin A 
concentration in normotensive and hypertensive humans. 
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DISCUSSION 

This study shows that hypertensive humans have a markedly 
depressed level of circulating prostaglandin A when compared with 
normal humans on a comparable sodium intake diet. Such decreased 
levels suggest a severealteration in the normal mechanisms of 
prostaglandin synthesis and release in humans with elevated blood 
pressures secondary to renal artery stenosis or essential hypertension. 
These measurements confirm the predictions of Lee (1972a) with regard 
to the levels of circulating PGA in hypertensive humans. The 
previous observation that hypertensive rats have elevated rather than 
depressed PGA levels in comparison to normotensive rats presents a 
paradoxical situation. At present the only explanation available 
is that the response of the kidney to elevated blood pressure in these 
two organisms is different. 

The reason for the deficient circulating PGA levels in 
hypertensive humans is not clear at this time. It is possible that 
such patients have a primary defect in the mechanism regulating prosta- 
glandin synthesis and release thus resulting in lowered levels of 
circulating PGA, a potent vasodilator. As a result of these 
decreased levels there may be an increase in blood pressure to abnormal 
levels. It is also possible that the decrease in circulating PGA 
represents a secondary deficit; the result of damage by the elevated 
blood pressure to the mechanism which controls PGA synthesis and 
release. It is also possible that these patients metabolize PGA 


at an abnormally high rate. Present information is not sufficient 
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to distinguish between these three possible explanations for the 
decrease in circulating prostaglandin A. 

In previous studies, it has been shown that the infusion 
of angiotensin II into the renal artery resulted in the release 
of prostaglandin-like material into the renal venous effluent 
(McGiff, et.al., 1970a). Herbaczynaka-Cedro and Vane have shown 
that the blood pressure raising effect of intravenous angiotensin I1 
is potentiated by prior administration of indomethacin, a potent 
prostaglandin synthesis inhibitor (1972). This observation suggests 
that prostaglandins play an important role in the modulation of 
changes in blood pressure in response to changes in angiotensin 
production. It is possible that the development of increased 
blood pressure in patients with essential hypertension or renal 
artery stenosis reflects not only an increase in vasopressor 
forces, but also the loss of the normal vasodepressor modulation 
performed by the prostaglandins, in particular prostaglandin A. 
The loss of the positive correlation between plasma renin activity 
and PGA content as shown in Figure 14 suggests that the normal 
interplay between these two vasotonic substances has been disturbed. 
It is possible that the loss of prostaglandin A as a vasodilator 
results in the further elevation of blood pressure in response 


to alterations in plasma renin and angiotensin levels. 
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CONCLUSION 


THE ROLE OF PROSTAGLANDINS IN SODIUM HOMEOSTASIS 

The results of this study with respect to the effect of 
sodium intake on plasma levels of prostaglandin A in normal 
humans and spontaneously hypertensive and normotensive Wistar rats 
do not confirm the basic postulate of Lee's (1972b) theory regarding 
the role of prostaglandin A as a natriuretic hormone. According 
to his theory an increase in circulating prostaglandin A is associated 
with high sodium intake states and a reciprocal decrease in PGA with 
sodium restriction. Surprisingly our results show that sodium 
loading produces a marked depression and sodium restriction a 
marked elevation in circulating PGA. In order to explain these 
observations the following hypothesis is proposed for the role of 
prostaglandins in the control of sodium homeostasis (Figure 15). 

The observation that infusion of angiotensin II into the 
renal artery will result in the release of prostaglandin-like 
material into the renal venous effluent (McGiff, et. al., 1970a) 
suggests that angiotensin may be the physiologic factor which 
stimulates the release of prostaglandins linking them to the control 
of sodium excretion. Under conditions of sodium restriction, 
renin is released from the juxtaglomerular apparatus of the kidney 
and acts upon circulating angiotensinogen to result in increased 
levels of circulating angiotensin I which is then converted to 
angiotensin II by the converting enzyme of the lung (Mulrow and 


Goffinet, 1969). Increased angiotensin results in the release 


7 woven 


23zate " on mi doe su 2wor Aa 20H I fi : 
to 2878. ait? Od domeiben din "ybuse atity 6 aatueny eit iw amt 
7 Faron: abo nthinaT gas eavs to alaveb aweat HO wdadar mutboe Mt 
aver Vader avtenesairion bi avicnatiaqud yfeuaaisdaoqa’ bas. aon | 

uitbyepay ysoode (a8TEl) 4 ‘a 46 nenceran steed wry. aitines Jon ob 

by tatoo sk mis a otiewinten ® Rh FY atone tgeseorg to. ston ald 

bist faveen $1 4 ntBnaludtoora gntde fenpia. at sesorant. 5: ‘wrod etd 0} 
th ot wt-aeasyoas tase chan abana estede eiaonh mother gti fo : 

withiod tnd wore etfeens ius yfont 2tqque entiorsseon ‘wi b62 

a Hofrarrt ew Hii bad iwe Hormeigeb ceiiee fi seoumoriy pathsot 

soul AtRTQue oF valare Wl na) Onisat wots wt notsevals bodvnm 

rev atiers SAS basen ) Bf ateontweyd grtwal ov adi 29otdaviseda 

(af git!) tlesltosay? ow ltwe. to foAgnan aiid nt an tonsiy6 wora 

if pin’ |b. atapotetone be napeuint paid notteyieeda adh ' 

eat! tone! pedeow Yo esealey aida ‘Ftwae Thiw ied Tone 

(ever Te fae Pte) sauartts *uonav fons. “odd oval finden 
isfitw spew) sieoleieyile eas ad van nianstotpns todd ‘atesnove | are 
lowtnes ado}. sont gullet? on Seeimbtegra Vo" aang er: wt . bv | 
Mottariseed marhied tw ih A alte aba One | 
yank) A ow?) Yo end eneqqe aatrvmai ou : a 
baveoioer al ehiew ol nogont attot gan wth 
 ga-bagevean nat at Aiytiw. | fmt 


bea wort uM) eh! att isananbtipc oft 


ezsalar att nt ‘aotueey ntanssotyns 


56 


of prostaglandins from the kidney. Enzyme systems recently 
identified in the kidney (Cammock, 1972) and in human plasma 
(McDonald-Gibson, McDonald-Gibson, and Greaves, 1972) are capable 
of converting prostaglandins of the E series to prostaglandins of 
the A series thereby resulting in an increase in the circulating 
level of PGA. Previous studies have shown that the major renal 
prostaglandin is actually prostaglandin ES (Lee, et.al., 1967; 
Crowshaw and Szlyk, 1970; Crowshaw, et.al., 1970). In our own 
experience with human kidney tissue we found that prostaglandins 
of the E series made up greater than 60% of the total medullary 
prostaglandin content, with PGA making up only 15% of the total 
(Spector, et.al., 1973). It is therefore likely that the enzymatic 
conversion of PGE to PGA in the plasma is important and contributes 
to the resultant changes observed in the peripheral circulation. 
This increased circulating PGA will then antagonize the blood 
pressure increasing effects of the increased angiotensin II and 
thus prevent an increase in blood pressure. The studies by 
Herbaczynska-Cedro and Vane (1972) suggest that this release of 
prostaglandin is important in modulating the effect of increased 
angiotensin II concentrations. In their studies animals pretreated 
with indomethacin showed an increased blood pressure response to 
intravenous angiotensin II in comparison with the untreated controls. 
This same prostaglandin synthesis inhibitor had previously been 
shown to prevent the release of prostaglandins from the kidney in 


response to angiotensin II infusions (Aiken and Vane, 1971). 
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It is, therefore, possible that prostaglandins do indeed play an 
important antihypertensive role in this system. 

Studies by Fichman and colleagues (1972) have shown that 
intravenous infusion of prostaglandin A result in an increase in 
aldosterone release without measurable changes in ACTH, renin, or 
serum electrolytes. It is therefore possible that the increase 
in PGA serves also to stimulate the secretion of aldosterone, which 
tends to correct the original stimulus, i.e. sodium restriction, 
by causing increased reabsorption of sodium by the kidney. 

Finally there may be an intrarenal role for the prostaglandins 
in the control of hemodynamics within the kidney. Studies by 
Hollenberg and colleagues (1970, 1971, 1972a, and 1972b) have shown 
that there is a decrease in renal cortical blood flow in response 
to sodium restriction in man. Furthermore, alterations in 
distribution of intrarenal blood flow observed with sodium restriction 
are also noted with catecholamine infusion and renal nerve 
stimulation. Both these stimuli have previously been shown to 
result in the release of prostaglandin-like material into the renal 
vein. 

We have shown that there are changes in intrarenal concentrations 
of PGA in response to sodium restriction, parallelling the changes 
observed in the peripheral plasma. It is possible that the increase 
in medullary prostaglandins particularly A and E prostaglandins, may 
result in a medullary vasodilation and thus increased blood flow to 


the medullary region of the kidney at the expense of the cortical 
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region. This redistribution of renal blood flow may be important 

in the reabsorption of sodium by the medullary nephrons. Although 
there is no evidence that the cortex synthesizes prostaglandins, this 
region does have a very active enzyme system for prostaglandin 
metabolism (Nissen and Anderson, 1968 and 1969; Larsson and Anggard, 
1972; Anggard, et.al., 1971; Crowshaw, et.al., 1969, 1970). This 
suggests that intrarenal changes in prostaglandin levels have little 
or no effect upon the cortical circulation. 

In summary, it appears that prostaglandins are indeed 
"natriuretic" hormones, not in the sense of circulating natriuretic 
factors as originally postulated by Lee; but rather as intrarenal 
regulators of blood flow distribution. 

This intrarenal regulation of blood flow may be the controlling 
factor in the degree of sodium reabsorption by the renal nephron 


population. This hypothesis is schematically portrayed in Figure 15. 
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Figure 15. A possible mechanism for the control of prostaglandin 
A synthesis and release in response to alterations in 
sodium intake. 
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PROSTAGLANDIN A AS A CIRCULATING ANTI-HYPERTENSIVE HORMONE 

In order to determine the role of prostaglandin A as an 
anti-hypertensive circulating hormone, plasma PGA levels were 
determined in both normal and hypertensive humans and rats. 
Somewhat paradoxically two different observations were made. 
In the Wistar rat strain, the hypertensive animal had significantly 
elevated levels of circulating prostaglandin A in comparison with 
the normotensive Wistar rat. This observation is best ascribed 
to a compensatory response by the hypertensive animal, the release 
of a potent vasodilator in an attempt to lower the elevated blood 
pressure. Qn the other hand in the human, hypertensive subjects 
with either essential hypertension or hypertension secondary to 
renal artery Beaders showed markedly depressed levels of circulating 
prostaglandin A. It is possible that the development of high blood 
pressure in some cases of essential hypertension represents the 
natural course of a deficiency in prostaglandin synthesis and 
release. Indeed, it may be that essential hypertension is a result 
of hypoprostaglandinemia, as originally suggested by Lee, and that 
the restoration of normal plasma levels may be of therapeutic 


value. 


THE KIDNEY AS THE SOURCE OF CIRCULATING PROSTAGLANDIN A 
Although many investigators have suggested that the source 
of circulating prostaglandin A is te kidney it has been impossible 
until this time to verify or refute this suggestion. This investigation 
has produced evidence which would seem to substantiate the proposal 


that the kidney is indeed the source of a major portion of the 


PUMFOH 3 — | ME TAUONTO A aia 
ot A nttneigsdeors ba sto eae ontetab ad ate ‘t 

svaw 2level ANY am sfg’ -ongeriad ontdefuorts ‘vt enscveqyt-t iva 

yo Ja* 406 ancl svrenadiegyn bee Tearon dtod at ben trhvsdeb 
eben grew enol tavisedb jnovatd tb ows ul teatidbewes setiwstiDe 
Vidassttlogle Gad Taba svtgnst sqysl say ,atervte jen wadete ont: a 
as ie nogtreums of A nfonefoeseorq entgelyorls. sTawet’ batsvels | 
betiny fead- 2F notdevivava etat dey asdehW ovtenétoevon’ sift - 
gona ad) .fomtia 4vienetroayt and yd s2noqew' yiodeztioqnd> 6 od 
otly warevals on? “uot of JeestH ne nt tole tboesv sned09, ae 
: (fostdwe avitwetiage! .naant ods af besd dette ont 90 soibeeaty i cn 
ad Wivbriiabe nd) aneyieayy! VW Achenemyaqyn Tatingees seddto istw a | 

yatiel Mmifs bi aiavel weeeerqsh yfbaliiw vowode Stdgnate pies Teng 
boots ord ts Fnsewmaleved SY Joni sidlzzaqgget #t- A atbnsiged zon | 
old otigeoi(wi-nobinad aque (eldwed2s Yo ge262 smoz at’ sweeerg 
Nils et eauslnye ntinal pas ao4g ni qaiesa heb s to s2w07 tawugion _ 

Siueoy § 2! cofenstyyay! (ptdn@ees fen ad yan Jt . beebal  Seeeter 
fed) oak ,a5) vt Smtroopwe vi Centar. #6 -atuoatine tps zorqoqys! to 

ariweqeisil? lo e¢ you efavel suzatq Sennon to not ierobes aid 

.gufey 


aah?” 


sldtzzoqmt need and Zt wen titan at A ntboateas 7 
nolsegrtzava; 2biT .nottzsggue etat Mutat Yo Cher. ¢ | 
Feeoqoig aft ateitnadedua af weer eal dort Aw 

and Ye natwoa totem 6 ot be 


61 


circulating prostaglandin A. 

As previously noted prostaglandins A>, Eo and Foy have been 
identified in renal medullary tissue (Lee, 1972a) and renal 
interstitial cells have been shown to produce these prostaglandins 
when grown in tissue culture (Muirhead, et.al., 1972b). Our studies 
with rats indicating a close correlation between plasma and renal 
prostaglandin A concentrations under varying sodium intake diets 
Suggest that the kidney is responsible for the changes seen in these 
experiments. The marked depression of PGA levels in anephric 
patients in comparison with PGA levels observed in normal ana 
hypertensive humans suggest that the kidney contributes a major 
portion of the circulating PGA in human plasma. The observation 
in patients with renal artery stenosis that renal venous plasma had 
higher levels of PGA than peripheral plasma also seems to substantiate 
the suggestion that the kidney does indeed contribute a major 


portion of the circulating prostaglandin A. 


- we th ph Rnb gb pct cate igasa0 sn yiwotang 4 


a bas. (eSte! or aisetd ve Tuba Fane nf tartans a . | 
eulnnafertang szods sacbong ot mba ives visi afta istatveoant 
sstiusa uli .(a8T@T , Tanda sbesrytul) g1ud fua sizett at Oe ait 
Tigre bons. (amenta insawted qottslavvo s20f9.6 gstsna thar wen, sity 
seit slednt mulbor pityiey isbAw snotde42092n03 A ntbns[pad 0x9 . 
eeont mt wee gepneda af) voy aldtenogesy: ef yanbta elt Seid tegupue 
atriqsrte nt 2feys| AGI To olzaargsb. bottem att - -etiisat9gKs | 


bem Daipion At bewrgmilo crepe Add Adin werewr oF ainstseq 


slam, & sehudintina vant, vit Jontd Seapeue. encmud avtenetredyl 


i2evescdo.3°7, emeste neowi nt Ad gattelusy}> oda To woft10g 
hit Eis cuonad Tota seald ei cemete yee Tengtas tw esnattegnt 


acuiinat cave od snea cele suesta Teyergtveq edd AQq to 2fevel Neeigtd 
ihe & adudtygney Besbrh 2s0b yonbld odd Jedd notremgeue, at . 


4 pivasipaseorq onttefuarts odd to 10 


i 


62 


BIBLIOGRAPHY 


Aiken, W, and Vane, J.R., Blockade of Angiotensin Induced 
Prostaglandin Release from Dog Kidney by Indomethacin, 


Pharmacologist, 13, 293, 1971. 


Anggard, E., Purification and Properties of 15-Hydroxy- 
Prostaglandin Dehydrogenase from Swine Lung, Arkive Kemi, 25, 
293, 1966. 


Anggard, E., Larsson, C., Samuelsson, B., The Distribution of 
15-Hydroxy Prostaglandin Dehydrogenase and Prostaglandin 
Delta-13 Reductase in Tissues of the Swine, Acta Physiologica 
Scandinavia, 81, 396, 1971. 


Braun-Menendez, E., Fasciolo, J., Leloir, L.F., and Munoz, J.M., 
The Substance Causing Renal Hypertension, Journal of Physiology 
(London), 98, 283, 1940. 


Braun-Menendez, E., and Von Euler, U.S., Hypertension after Bilateral 
Nephrectomy in the Rat, Nature, 160, 905, 1947. 


Braun-Menendez, E., and Page, I.H., Suggested Revision of Nomenclature- 
Angiotensin, Science, 127, 242, 1958. 


Braun-Menendez, E., The Pro-Hypertensive and Anti-Hypertensive Actions 
of the Kidney, Annals of Internal Medicine, 49, 717, 1958. 


Caldwell, B.V., Burstein, S., Brock, W.A., and Speroff, L., Radio- 
immunoassay of the F Prostaglandins, Journal of Clinical 


Endocrinology and Metabolism, 33, 171, 1971. 


Cammock, S., Conversion of Prostaglandin E, to a Prostaglandin A,- 
like Compound by Rat Kidney Homogenates, International 
Conference on Prostaglandins, Abstracts, p. 10. 


Carr, A.A., The Effect of a Prostaglandin on Renal Function, 
Clinical Research, 15, 354, 1967. 


Carr, A.A., Renal Effects of Prostaglandin A, in Man, Clinical 
Research, 17, 554, 1969. 


Carr, A.A., Effects of Prostaglandin A, on Plasma Renin Activity in 
Man, Clinical Research, 18, 60, 1970. 


Carr, A.A., Hemodynamic and Renal Effects of a Prostaglandin, 
Prostaglandin A], in Subjects with Essential Hypertension, 
American. Journal of Medical Science, 259, 21, 1970. 


Carr, A.A., Prostaglandin, (PGA]), Blood Pressure, and Plasma Renin 
Activity, Annals of Internal Medicine, 74, 830, 1971. 


HARON me) 


vooubal atenstorowh 40 mbsigall Hb amet 
vtasritamoont yd venkty, god. one pein the 


. _ «fer, bf ny Ps 
~“RqibyHadl “Yo x abgrenor ttidh ‘poteestient : 4 tak Ss 
lial SV EAA eQrud onitoid mort ansnagorbyiiad atone rah Boi | a a 
7 iy nortvutysero oT , 4 esha Ped’. noeetnd ua sgh 
whet pateod) wag seen, mmo lag atbnaloesaor4 4 
suloteylt: s: SSR , sntwe ad) * wi sguedtt at 4 26h du nie ui 
TRO RE Stymntbnsn2: y 
ib esonttibas. o,f ot fttedqal solotoens ved 1 ysebnonaitcnusil 
antral: ut Te To Teawigl “ne me rapaceonalh = onteuse sonad edue off 
£88. BC ,{iapbnod)> 
\evetelia reste -cotensiveyyl ». cell guelid ooY. bag qud sebupaey-Aust8 
THEE , de |.) shal Jah ond it hain - 
ai eno Fa. noretver. aetooney® HL ape". bre + ssbvonat nase a 
é | iS kpe AST , Moneta ' consist salamoatgan 
AAMELS4 ovianedteqyl-tind brie ov te\arsaayl-ewt sit ots , | fis sie Aa 
Be0T VIX .Ob , arity tbat! een bs RfonnA evant i wi 79 7 
~ottet ,.d., Vroveqd brs ,.AcW 5 dmONe 5.2 -ifoted Wve «tena 
Taint hd Jo Serie sertnetyssgor 7 o Me : 
IY hy 2c met odes aH bim_ypot nih} spbind * 
nph ntbneipetsovd &- oF pd nishalongeovt Vo nat evevned 2. *: ; 
faqoiiammatn) ,2sderagowoen ypnuiy ew | et ear 7 
OF. 0 , 20H od anton fgat ) ae sone nD 7 7 
smatjamy Tenet no nbbosleateort #49 1303 wit sah a ‘ 
eer, art 8 oes eer. yi § = a a 
faolatid wa nt yf Gtbwelpezaart to ody tanh . Ae ik 
if yoiviaoA abned wmeot? na A toe fpodaoss Ty ets AAs Ji 
"Orel a OF 


” ntbnafgstaot’ « Ww wtawhd ts 7 F 
ereneeel tS fat ieeed nt hw atoahaut: 

alnat weer bas roger si ee {yh 
* re if 1 088 ae a mS 


Carriere, S., Friborg, J., and Guay, J.P., Vasodilators, Intrarenal 
Blood Flow, and Natriuresis in the Dog, American Journal of 


Physiology, 221592, 197%. 


Collier, H.0.J., Prostaglandins and Aspirin, Nature New Biology, 
2305 Ws ITA .« 


Crowshaw, K., Distribution of Prostaglandins in Rabbit 
Kidney, Clinical Research, 17, 427, 1969. 


Crowshaw, K., Biosynthesis of Renal Prostaglandins, Federation 
Proceedings, 28, 845, 1969, 


Crowshaw, K., McGiff, J.C., Terragno, N.A., Lonigro, J., 
Williamson, MAL; Strand, J.C., "Lee, J.B. , and Ng, K.K.F., 
Prostaglandin-like Substances Present in Blood During 
Renal Ischemia: Patterns of Release and Their Partial 


Characterization, Journal of Laboratory and Clinical Medicine, 
74, 866, 1969. 


Crowshaw., K., McGiffs.J).C.... Styands JC.» Lonigro, Acd os-and:Strand, 
J.C., Prostaglandins in the Dog Renal Medulla, Journal of 
Pharmacology and Pharmacy, 22, 302, 1970. 


Crowsnaw. "KK... MeGitt,. J.C.., Strand, J.C... Lonigro, A.J. , and 
Terragno, N.A., A Sensitive Vasodepressor Assay for the 
Detection of Prostaglandin-Like Substances in Dog Renal 


Medulla, Federation Proceedings, 29, 745 abs. 1970. 


Crowshaw, K., and Szlyk, J.Z., Distribution of Prostaglandins 
in Rabbit Kidney, Biochemical Journal, 116, 421, 1970. 


Dunham, E.W., and Zimmerman, B.G., Release of Prostaglandin-like 
Material from Dog Kidney During Nerve Stimulation, American 


Journal of Physiology, 219, 1279, 1970. 


Fasciolo, J.C., Houssay, B.A., and Taquini, A.C., The Blood- 
Pressure Raising Secretion of the Ischaemic Kidney, Journal of 


Physiology (London), 94, 281, 1938. 


Ferreira, S.H., Moncada, S., and Vane, J.R., Indomethacin and 
Aspirin Abolish Prostaglandin Release from the Spleen, Nature 


NewsBiology, 231, 237, 1971. 


Ferreira, S.H., and Vane, J.R., Prostaglandins: Their Disappearance 
from and Release into the Circulation, Nature, 216, 868, 1971. 


Fichman, M.P., Littenberg, G., Brooker, G., Horton, R., Effect of 
Prostaglandin A, on Renal and Adrenal Function in Man, 
Circulation Research, 31 (Supplement II), II-19, 1972. 


63 


raeeveiH! ,aodefiboss¥.. Sl owns a 
ar) Tei qwol tno tem vga aytg WE Peraaulatel Un Sede 
ie ot —" ‘ @ Ah Sm RY eres 


ypofara wal sussh .nirqeA ble entbir pas 20¥" oe g. n -yott 09 ae 


ui 1 se if m. 


$idt6H wy antons fpedzons Aa] y hotdudtwerd sad syle 


2307 . TS UT ,iowssgee | isatatto ‘yond ha 


maijesoat . 2ntbnslost2o14 fenah Yo atewds yaord oat Justo 
Paar ,ene . 8S .zpatbeascis 


tb, opined » AM yongeriad , a. 4 42 FdoM | waitaword : 
or se bog . a. ie 99 oJ: b bneade aoa M geomeiat Ww 7 : 
dal iw beatae ni inazer4 - guanes due oA tf- ——. oy oP 
ae vtoiT bia sasafad to enedted. set ; 
gai2ige! Testi) bas yroseyoded To Ten web: heehee wee 
[4338 hh. 


ve 3% iG ' afi. A sOvarriol gente bape guid s f) ath taott vol cin : 
lo Hemme vat Tuben Farvan pot sj af entonel Lema ep nde 
Joyer Soe 35 oan Mi 4 DRG. i "RE DALI is 


DiS ale Ay OMBiNOd . Jd by bed? ; dit Roy Haat eer 
git) ver yReZA so2za1qabozeV evigtenee A iW on i 
fave pol ef. eaanesedue sdid- atbnstgsteord > % Motigeted | ie 


ef cede 20\ , 2 .epntbssz019 mofjesebed «Si TubaM _ _ 


splonstuadterd So puttudtazetd ,.4.6., “oneth * | tenor _ G 
ONES .FS8 ,aSl . Temwol Teatwenzoté : ahdsh at as 


asa trish cao Iolumts¢ avaek paid. + 


oti }-ntbnstgstgor9 to azsslea ..0.8 sia wD 
vover ,etst ,eF revel 


boots alt striveaT bow ,.4.8 ,yseey 
jo femwet yeahh a oe att Yo notiaie: mt 
7 gbter  tBS cy a ORK 


DAS ntsedd soln | a BNE brs rr - stbsana re 
vis ,veelqe ond mont NE 


sore 260 stank antbews aor? , 
nsneagge OS eset gaolie eiuortd. ae is 
id your od ae all cmseot oe al 


“syer eit. ha a 


a i ; bff in 
aay : i 
[1 ca 2 >_> 


64 


Goldblatt, H., Studies on Experimental Hypertension, XII. 
The Experimental Production and Pathogenesis of Hypertension 


Due to Renal Ischemia, American Journal of Clinical Pathology, 
10, 40, 1940. 


Goldblatt, H., The Renal Origin of Hypertension, Physiological 
Reviews, 27, 120, 1947. 


Goormagntigh, N., La Fonction Endocrine des Arterioles Renales, 
Nebravie Fonteyn, Louvain, 1944. 


Grollman, A., Williams, J.R., and Harrison, T.R., Reduction of 
Elevated Blood Pressure by Administration of Renal Extracts, 
Journal of the American Medical Association, 115, 1169, 1940a. 


Grollman, A., Williams, J.R., and Harrison, T.R., The Preparation 
of Renal Extracts Capable of Reducing the Blood Pressure of 
Animals with Experimental Renal Hypertension, Journal of Biological 
Chemistry, 134, 115, 1940b. 


Grollman, A., Harrison, T.R., and Williams, J.R., The Mechanism of 
Experimental Hypertension in the Rat: The Relative Significance 
of Pressor and Anti-pressor Factors, American Journal of 


Physiology, 139, 293, 1943. 


Grollman, A., Muirhead, E.E., and Vanatta, J., Role of the Kidney in the 
Pathogenesis of Hypertension as Determined by a Study of the Effects 
of Bilateral Nephrectomy and Other Experimental Procedures on the 


Blood Pressure of the Dog, American Journal of Physiology, 
57 52d 1989 


Haber, E.H., Koerner, T., Page, L., Kliman, B., and PUrnode, A., 
Application of a Radioimmunoassay for Angiotensin I to the 
Physiologic Measurements of Plasma Renin Activity in Normal 


Human Subjects, Journal of Clinical Endocrinology and Metabolism, 
29, .1349:5..1969. 


Hamberg, M., Metabolism of Prostaglandins in Rat Liver Mitochondria, 
European Journal of Biochemistry, 6, 135, 1968. 


Hamilton, J.G., and Grollman, A., The Preparation of Renal Extracts 
Effective in Reducing Blood Pressure in Experimental Hypertension, 


Journal of Biological Chemistry, 233, 528, 1958. 


Harrison, T.R., Grollman, A., and Williams, J.R., The Anti-Pressor 
Action of Renal Extracts and Their Capacity to Reduce the Blood 


Pressure of Hypertensive Rats, American Journal of Physiology, 
28. 216, 1939, 


oo 


TX) 0) Sree tegyli Thbeanit-igil. ew 
Of (ASF sar aly bi é Rept overt hrs Aatdobtaby® f : 
olan? (wo titlS "te. Cogtual. esatigeh vallinioe 


7 wrt rf re awaty: | 
,éstepe’ ssfottedt, gab nei saubn2 NOtdono® H . i" 1 a Hise a: i - 
| baeT. stewed ettyptno’ a le rials 
Ti Cidper im iW Hofres zine 


eubOT ull ; ito Haka 2A fe : oI oor f ie 
nohieneatuit «i Snenteiine Gas wht G qaawtt FAM a neat ona 


10. (Orsjwoen »sBsI rea bereel’ ie :. oh seh Pe ad 


Vigwweeatt ‘bo ara one gutoubell ta af deqe), biked is 
jajpoloid Yo iamwol ,noremetiayys Isaak F 
:  aChet “att « 


- 9G @zragigo! att ame IT EM bas, GAT r 
sgneott inte svtietel of -de8- odd ni botenst treet 
te Tearol nest iam’ ,2todon7 soeesige 6 WeeeTh. 

 EbOT reRS ret iu } as , 


ott ef vont stk Vo Son 5 U eine bas ,. 33 Sart A ‘ 
elaatvts snk to wbute 6 Xa hantursted 28 notes 2ns39aqyi 10 ate: 
aily ng eowbajos? Teteamivecsd Teadd0 bap und seit forstel ta 
vpolateyad ta feral sezhioot bias ond % Sith ] 


~ 


‘oth 


oA,  pOOMTT ne gol NGO TA: 9's + mil 
“add ud | ofensfotunA +07 yseesonumnt ot eee 
femol at <thvittcA ntael smzal4 

ti lodsjaM bos yeoTontizebnd Isotati) 


*n 


ef5612K2 (ened Fo nolisrager? oAT , a Prat 
«tut ansabaeh Ped mibieaxd at pole Wa qvits 
Baet sie £S 


bool ott saute aa wt fans ahs 
. \ypol or we F L peat 


65 


Herbaczynake-Cedro, K., and Vane, J.R., An Intra-Renal Role for 
Prostaglandin Production, Fifth International Congress of 
Pharmacology, Abstracts, Page 100, 1972. 


Hickler, R.B., Saravis, C.A., Mowbray, J.F., Lauler, D.P., Vagnucci, 
A.I., and Thorn, G.W., Renomedullary Vasodepressor Factor, Journal 
of Clinical Investigation, 42, 942, 1963. 


Hickler, R.B., Lauler, D.P., Saravis, C.A., Vagnucci, A.I., Steiner, G., 
and Thorn, G.W., Vasodepressor Lipid from the Renal Medulla, 
Canadian Medical Association Journal, 90, 280, 1964a. 


Hickler, R.B., Batiler, D.P., Saravis, C.A., and Thorn, G.W., 
Characterization of a Vasodepressor Lipid of the Renal Medulla, 


Transactions of the Association of American Physicians, 77, 196, 1964b. 


Hinman, J.W., Prostaglandins, Annual Review of Biochemistry, 41, 161, 1972. 


Hollenberg, N.K., Epstein, M,, Guttman, R.D., Conroy, M., Basch, R.I., 
and Merrill, J.P., Effect of Sodium Balance on Intrarenal Distribution 


of Blood Flow in Normal Man, Journal of Applied Physiology, 28, 312, 
1970. 


Hollenberg, N.K., Adams, D.F., Rashid, A., Epstein, M., Abrams, H.L., 
and Merrill, J.P., Renal Vascular Response to Salt Restriction 
in Normal Man: Evidence Against Adrenergic Mediation, Circulation, 
43, 845, 1971. 


Hollenberg, N.K., Adams, D.F., Abrams, H.L., and Merrill, J.P., The 
Relationship Between Intrarenal Perfusion and Sodium Homeostasis 


in Man, Radionuclides in Nephrology, Blaufox, M.D., and Funck- 
Brentano, J; J., editors, Grune andStratton, Inc., 1972a, page 37. 


Hollenberg, N.K., Adams, D.F., Solomon, H.S., Abrams, H.L., and 
Merrill, J.P., What Mediates the Renal Vascular Response to a Salt 


Load in Normal Man? Journal of Applied Physiology, 33, 491, 1972b. 


Horton, E.W., and Thompson, C.J., Thin Layer Chromatography and 
Bioassay of Prostaglandins in Extracts of Semen and Tissues of the 


Male Reproductive Tract, British Journal of Pharmacology, 22, 183, 1964. 


Horton, E.W., and Jones, R.L., The Biological Assay of Prostaglandins 
A, and Az, Journal of Physiology (London) 200, 56P, 1968. 


Horton, E.W., Thompson, C., Jones, R.L., an Poyser, N., Release of 
Prostaglandins, Annals of the New York Academy of Science, 180:350, 1971. 


Johnston, H.H., Herzog, J.P., Lauler, D.P., Effects of Prostaglandin 
E, on Renal Hemodynamics, Sodium and Water Excretion, American 


Jouanal of Phystoliogy..213,.939.," 1967. 


ry 4 loneii-eutal AA * AG ‘anv’ one 
io $8 atne [snotsonratel avtt Holdnetort mite lend e 
‘SUF .00F apes pear «ie 


, ounpey . 5 all ee tuss ,.4. 4. vsidwolt awAs ay satyariat ai 
isvinow . VIII Weneth70 ey viet Tubsmonssl Wie 
: : ENOL «SOC ah nOtds tz 


joe santas iA vyoounney . A.D cebvera? ys 2 aetued . oe notsatl 
rf hanes lanai 343 mt} iat yorzatqabogs ive ad imait _ 


bh OBS OE , beutiots wolistgueed | Ba tbat? netbane) “1. | 


“he tent bre , ALD ,2fverse-, 9.0 .telhod , 8% patent 
Lot ORR (ovat off 28 GIGI step 6 16 notyes tres stoned 


‘oe! wer 57 pep tAteyg®. wextyem ‘Fo not dtaog2h sit tp eotsae Zagat 
re an te welve" Toupnh”, an Honelead es «Ab . tenn tl 


1.7 ,foes8 , 4 evened... GF sm gud ooM  tthodeqd . Le epigdnsl Tol 
r4i> lenetarte! sy gonéfed mutage to ‘JoeTt) ,.9.6., rT he bis: 
' oWpaloievity Bstiqns to forwal, .9ah fearon nf wold vo 
- ¢ ~ ee | ; b OFT 
W .Oonid® 3.4 ,sfaneas pA «bTdZER 4.0 at AY 
- Hisnitsas {we as gzncqeon isivaze¥ ‘Tegaal "tir hn 
Hatiifveiks ,nebleanh steianebA Seal BoA sonabtvd 


é 


ait . 4 ae, 'Tinekvbos 4.8 Cemesdé , 4.0 — ad pradestfote 
chr ene swiboz bite nohaut4a4 Censversol $98 
~ivey bobs , C.K, xoTus!S-, yooTouigad. at eobtt: 9 tM ” . 
AE aenge eset onl aNd, vacone anute et B ash out He 
baa. Ll (anlendA 2.8 ome ler an g iat 3 
Tbe  F- oRreeR “elu: 2ey Tenw ont zatathot a - 
& ak ; 
eset ee ce ,Yoolateudt bo! tog Yo. Copuot ot ary 
sine yc yo omOTHD "oVveJ7 aritt ‘ G9 mH bin 4 ze : 
WY Vo aoecell Ge nome to utosvixd at endbrw tps er. 


baer fat , 2s eelonsetins Yo Teo: wob dzk3 a P90 


,  entbnsipetsvva to qaeeh fextgofotd 
"y bau , (be 00S (osgerml) a a 


Td heaton 44 , THeyetbns tee ve 
Ver , 088-08! , aonetez le vieheoh » 


ntbnelpetsei9 to esretr) fy nen - ene 
Reatignl fot prod 7 Re 


66 


Jones, R.L., Prostaglandin Isomerase in Cat Plasma, Biochemical 


Journal, 119, 64P, 1970. 


KohIstaedt, K.G., Helmer, M.0., and Page, I.H., Activation of Renin 


by Blood Colloids, Proceedings of the Society of Experimental 
Medicine, 39, 214, 1938. 


Kolff, W.J., The Hypertension Reducing Function of the Kidney, 


Cleveland Clinic Quarterly, 24, 141, 1957. 


Kolff, W.d., Reduction of Experimental Renal Hypertension by Kidney 


Perfusion, Circulation, 17, 702, 1958. 


Kolff, W.J., and Page, I.H., Blood Pressure Reducing Function of 


the Kidney: Reduction of Renoprival Hypertension by Kidney 
Perfusion, American Journal of Physiology, 178, 75, 1954. 


Larsson, C., and Anggard, E., The Distribution of Enzymes Involved in 


Lee, 


Lee, 


Lee, 


Lee, 


Lee, 


Lee, 


Lee, 


Lee, 


Prostaglandin Synthesis and Metabolism in the Rabbit Kidney, 
Fifth International Congress of Pharmacology, page 135, 1972. 


J.B., Antihypertensive Activity of the Kidney-The Renomedul lary 
Prostaglandins, New England Journal of Medicine, 277, 1073, 1967. 


J.B., Hypertension, Natriuresis, and Renal Prostaglandins, 


Annals of Internal Medicine, 70, 1033, 1969. 


J.B., Tne Antinypertensive and Natriuretic Endocrine Function of 
the Kidney: Vascular and Metabolic Mechanisms of the Renal 


Prostaglandins, in Prostaglandins in Cellular Biology, Ramwell, 
P.W., and Pharriss, B.B., editors, Plenum Press, page 399, 1972a. 


J.B., Natriuretic Hormone and the Renal Prostaglandins, Prostaglandins, 
13555 "1972b" 


J;B.5 Hickher, R.B., Saravis, C.A., and Thorn, G.W... Sustained 
Depressor Effect of Renal Medullary Extract in the Normotensive Rat, 
Circulation, 26, 747, 1962. 


JeBos miekler, RoBazSaravis,.C.A., and Thorn, G.W., Sustained 
Depressor Effect of Renal Extract in the Normotensive Rat, 
Circulation Research, 13, 1359, 1963, 


J.B,, Mazzeo, M.A., and Takman, B.H., The Acidic Lipid Characteristics 
of Sustained Renomedullary Depressor Activity, Clinical Research, 
12,2545 1964 


J.B., Crowshaw, K., Takman, B.H., Attrep, K.A., and Gougoutas, J.Z., 
The Identification of Prostaglandins E2, F,_, and A» from rabbit 
kidney medulla, Biochemical Journal, 105, 7251, 1967. 


A 


Lsatosiset® .smaat? £65 nt ear i : 


wees FG lohdevTISA . sl, 4 aped hag é oad, My Rey er shoed eden oom 
baa icon i) Mshoee eis T1 To. aul ag501% <2 ae L Gee 
“BERT ames) or _ 


danbt® ent Ja more shu pafaubes romeo att Node tea ; 
eeu y TR. 8S ie apap Teh) 


Yih A VS Ha ErSt ae wl Tanas fasony fuaqxa to notisubadl bell. Alc 
: eel my MT inotsfustto “nto oh 


a HOTTANLG, OH? sobeit Shieeott bore. Bad , ape bah’ vhs W — 
vote lA. 9S nor yrasreqyn lov Prqonull 10. iv htoubgh anata ae 
BEEL FA BT ‘Mpsiatayn® Ju Te feirel 1 nea fyomA rnonebTyat | : 


wi. Rovlével gown. To duiduirsenes mt va basen: bne ot pore 
,eocely Fide od «@! Aztlodetel. bos si radiaye. nine 
wiht SST pen’ YEO ianmtant to. eastgnod (enottenvedel "an 


=2- gO Fuente steel) of9 To yepvirsA art enetuaial sis aa. h sol. 
“SeeT 2967 JUS aps opbe 7@ latinas Bas tpad wol . aa Towteor" 


(entiastoeize’ Tous ae 2h winded  mokense tidy! | wells aed 
OU} L500 Cl .anigthed foareanl to gfenth = 


to Sutfadel satasutn) steswhige we oybansoneqviltind reek B. lL 90 
'oagl ait’ to au2tnsdoe! offodsta ove YaldaesY cent : 


{Tuma .vpotois aetulfad at ent ws isaaaon a sna 
ESC} .P8C wyee ,eeeTd mine Soa eet ohare te ‘ af o+'} 
,  riias (yetiort.  catbaatpst2os" lenal sas brs a nantygls” atternulasan 6t yond 
* 3 ae _ ” 


ww fatave . Wie won! tab, x 3 elvewmee , 0.8 ae 8 . 
£08 Sa reisSOMnOH afd at tosvied ‘v's! Fubom (sng Yo. 3907 nae ~ 
)  sSGOT NOR, hile itor 


/nEei gue y 7 a... neat rig pivovez antes Mie 
38h ov t eftadorinolt as nt sha i, ‘a te . 


garstyvase 2G VF J vttid sib A wilt il tf] perry hoa: | F | 
fzteseod Isat nie PPA, Tree eat neat 


, AG. eetunygued ar a are it af asses 
tide mony? bite ee 
er se, ot 


7 b 


- 


67 


lee. J.B., Covino, B.G., Takman, B.H., and Smith, E.R., 
Renomedullary Vasodepressor Substance, Medullin: Isolation, 
Chemical Characterization and Physiological Properties, 
Circulation Research, 17, 57, 1965. 


Lee, J.B., Crowshaw, K., Prostaglandins, Lancet, 1, 247, 1968. 


Lonigro, A.J., Terragno, N.A., Malik, K.,and McGiff, J.C., Intrarenal 
Release of Prostaglandins as Determined by the State of Sodium 


Balance, Journal of Clinical Investigation, 50, 6la, 197la. 


Lonigro, A.J., Terragno, N.A., Malik, K.U., and McGiff, J.C., A 
Prostaglandin May Mediate the Renal Vasodilator Action of 
Bradykinin, Journal of Laboratory and Clinical Medicine, 78,1016, 1971b. 


Manitus, A., Levitin, H., Beck, D., and Epstein, F.H., On the 
Mechanism of Impaired Renal Concentrating Ability in Potassium 


Deficiency, Journal of Clinical Investigation, 39, 684, 1960. 


Martinez-Maldonado, M., Tsaparas, N., Suki, W.N., and Eknoyan, G., 
Comparison of the Effect of Prostaglandins (PGE) and Acetylcholine 
(Ach) on Renal Sodium and Water Excretion, Clinical Research, 19, 
ole IOP « 


McClatchey, W.M., and Carr, A.A., Modification of Renal Effects of 
Antiotensin by Prostaglandin, Clinical Research, 19, 58, 1971. 


McDonald-Gibson, W.J., McDonald-Gibson, R.G., and Greaves, M.W., 
Metabolism of Prostaglandin EY by human Plasma, Prostaglandins, 
Diee2oie uA G72: 


MeGifT. J.C. Crowshaw, kK... Terragno; N.A., Lonigrol; J.C., Strand, J.C., 
Williamson, S., Ng, K.K.F., and Lee, J.B., Release of Prostaglandin- 
like Substances During Acute Renal Ischemia, Circulation, 40 
(Supplement III), III-144, 1969a. 


McGiff; J.C... Terragno, N.A.s Strands; J.C. Lee, J.B. Lonigro, Aid., 
and Ng, K.K.F., Selective Passage of Prostaglandins Across the Lung, 
Nature, 223, 742, 1969b. 


McGiff, J.C., Crowshaw, K., Terragno, N.A., and Lonigro, A.J., 
Release of a Prostaglandin-like Substance into Renal Venous Blood 
in Response to Angiotensin-II, Circulation Research, 27 (Supplement I), 
I-121, 1970a. 


McGiff, J.C., Terragno, N.A., Crowshaw, K., Lonigro, A.J., Inhibition 
of the Renal Actions of Pressor Systems by Prostaglandins E5 and Ag, 
Clinical Research, 18, 510, 1970b. 


McGiff, J.C., Crowshaw, K., Terragno, N.A., and Lonigro, A.d., An 
Intrarenal Hormonal System Regulating the Renal Actions of Angiotensin 


II and Norepinephrine, Journal of Clinical Investigation, 49, 63a, 1970c. 


See a eee ee eer eT 
oisefoel mel rrubeb ‘waler adate Joanwrqsboest meet fil 
: eat eqord festoulareyed4 bas m0 fdaxtretoe vans 


+ 8000 WNP lormegh otis! 
Baer S48 lt gleaned , entbnefoanteds4 iT eno on 


fousetend ap. b., THES ‘bits yl! ARLE ews r) jorogrest vba 
duilbes Yo state. sig ( oe on ree7 Be» SO PDNGL pd tod %0| 


ett " ght a * aa 0 Ofer iesvas, 1a 
bh evech Vio bow UO ai tom, Auk. ont a? “scioh sonatas 
46 nutdSA yaya! Fesee¥ fansil and ststbat Tgat aor 
ta? 900) GY sonra tbe: Tertag ta bra yiosayeds.t . to (eoaaee. ett bet! 


SAL, Wh ~ f sNisieds. Hne., a, A298 e. Me oFet ved 23h) isa 
‘seetot Wi a “hid onttevinieone) Fane beytsqml Yo pests 


yee hha RE snotsepiagavil featntto 14. Tsaypal- rvanarary 


) adeyonds bas yall Wg Pas og H jzetsqeeT eal absnob sitcsen 
may Wgoh bas (305) antl orn T yg) 2049 to Joatta arf. to nogivsgy 
“gis gogaaat fegtath) pnotiersKd tedeh bn mutboe. Kemah: ne ; A. 

ant; * 


> 


. 


rr) 2399773 {6new to noidsd HttbOM. ~ AGA “nd bing vg all nceei 
Pei 82 , ef ,covegess laatarid “aibanigencoue aaa? 


VM, 2aveswl bag, ok » hOedid-b TsnoGoM eel. We 
‘ona ipadans’ ante ll ean a - en Ye vate 


Qk onede 0. gotptood cath onporisT ,.d wefavend” 3 t Aue 
<p Pbnaigs2zoT)) 16 special ,..0:5.5 98) hte .4. 4 <p aot fosmB (TE... 
Oh .wotistusttd ,etmeds2. |oftad sduaA pndrt uel. zeotied due it) 

weet REALE «(TL snemol q 


v8 yonwbnod 524.6 ved geo. jbiande , AH -onpawat ‘- tu 
druk},, O19 ea04 A etn ons 207% Yo = se ee as ‘ 


‘L.A poet bine 6 hl van 
woofs zuoney fs 


(1 tee ne i Aomaea elu ah 


\ wordtdtdal , m A ee) re: sear cA 
oA DNS gd entbns be, a eimadeye s0Reent 
; § 
anne p02 87, of ant 
7 OP et : 
ni , Shc Xovgboait sal daalied i sa ale ‘ 
nizustorpAA Yo anotsoA ne gehe sole ‘laa 
Otel 666d, .a motisot afr die! 


Me 


68 


McGiff, J.C., Crowshaw, K., Terragno, N.A., and Lonigro, A.J., Renal 
Prostaglandins: Possible Regulators of the Renal Actions of Pressor 
Hormones, Nature, 227, 1255, 1970d. 


McGiffyd.6. sy Crowshaw, KS5°Terragno, N.ALs Lonigro, A.Jd., Strand, J.C., 
Williamson, M.A., Lee, J.B., and Ng, K.K.F., Prostaglandin-like 
Substances Appearing in Canine Renal Venous Blood During Renal 
Ischemia: Their Partial Characterization by Pharmacologic and 
Chromatographic Procedures, Circulation Research, 27, 765, 19/0e. 


McGiff, J.C., Terragno, N.A., Malik, K.U., and Lonigro, A.J., 
Release of a Prostaglandin-E like Substance from Canine Kidney by 
Bradykinin, Circulation Research, 31, 36, 1972. 


Muirhead, E.E., Stirman, J.A., Lesch, W., and Jones, F., The 
Reduction of Postnephrectomy Hypertension by Renal Homotransplant, 


Surgery, Gynecology,and Obstetrics, 103, 673, 1956. 


Muirhead, E.E., and Stirman, J.A., Dietary Protein and Hypertension of 
the Dog: Protection by Uretero-caval Anastamosis with a Study of 


Kidneys So Treated, Americal Journal of Pathology, 34, 561, 1958. 


Muirhead, E.E., Jones, F., and Sirman, J.A., Hypertensive Cardiovascular 
Diseases of the Dog: Relationship of Sodium ard Dietary Protein to 
Ureteral Anastamosis and Ureteral Ligation, Archives of Pathology, 
70,108, 1960a. 


Muirhead, E.E., Jones, F., and Stirman, J.A., Antihypertensive 
Property in Renoprival Hypertension of Extract from Renal Medulla, 


Journal of Laboratory and Clinical Medicine, 56, 167, 1960b. 


Muirhead, E.E., Stirman, J.A., and Jones, F., Renal Autoexplanation 
and Protection Against Renoprival Hypertensive Cardiovascular 


Disease and Hemolysis, Journal of Clinical Investigation, 39, 266, 
1960c. 


Muirhead, E.E., Kosinski, M., and Brooks, B., Anti-hypertensive Renal 
Function: Protection Against Sodium Loads by Renal Tissue and 


Renal Extract, Federation Proceedings, 20, 112, 196la. 


Muirhead, E.E., Hinman, J.W., Daniels, E.G., Kosinski, M., and Brooks, 
B., Refined Anti-hypertensive Medullorenal Extract and the 
Protective Action of the Kidney Against Hypertension, Journal of 
Clinical Investigation, 40, 1065, 1961b. 


Muirhead, E.E., and Kosinski, M., Renal Medulla and Renoprival 
Hypertension, Circulation Research, 11, 674, 1962. 


a 


lavet 6.) sovpinot tne | r Hs pment gua nh 
ies tc en Tn lod ant Yo § ors upak ofdiéeo4 
| over bast X38 er 


week abit , bee euten! ahh seine swedewowd , is be +} dom | 
wt Fabia pate! oF dN yeh bas db. ,ged AM Smith 7 
iinih (Arr) Boor 4 204d heis8! antrpde al i peso 
tae +ishf peat | vii Holder! worsens Fetes? | 
Ot! oh NG Bbc Letane netgear) eestubasov4 af 


aaah sr ory hus er 1 abtam i Ait on sand 4 Jit 
ou cust? wane’ etek canatctel eH 3-0 hi a ‘ue 
AT, at lq fon t yi 


WW ost , vane law Von v8 eet neat 
titel qpmide’ aia + ydanid tens equi riige 
a gor 2 a2 ° 


—— 7p ang wah ctstal™ e890, ALG shiwmtse brie v3 3, x beaav rot 
Wi Grct! & TEs} aneteenh Toved-orstod vd notysogon9 i 
snlQB E1122 oght i itdte* by Cemiwol (oatveal / betas? o2 2 


18 1 UV ehe aE ike Lv owgI ath ecAeh 2 Neary bnsé a 2enol Poe ir | t 
f «(etqql es mibed to qhizhotietad pod sit 70 
olwaet*6 26vidawh, ~potigetd fassrail bas AA eer 

. .onaer ,8OT Ov. 


SUEsMATASNsilTZ eA ., jwmangtt2 base, 24 < 2arial, ‘4 a yt 
étthier Taeee aqout - ental i dat anaznary felbnioba 
AINOT TER 28? pba oie them Ta: eyinrid d Die | 


HeFianaigadgiwtpfena’ 9.1. eenob ery eA caste er nr) 
hi MOASVOFLNES avbanstiaqul faytigonsa ie bay ia 


1 Ak ,potdanl Peeve) “Tanta 2 Yo. Feange i oul ban Sal 


2 


(anol SV Pensryaayi~tiok 18 phon ‘Gn .M jaéateo) ada ‘tah i. 
bag aueelt a. yi, UGGS ms tboz atid aaah natsaston4 srohsoney 


(PAooe oie , Ms filantaox re | _faines 2 We mere 
; ai? bie a3etixd Peps jotted ow, 
o i Pawo 2G ; 

Malet all 4 "foiapts 


fsviyqone? hoe well 
_ SOR eT 


69 


Muirhead, E.E., Hinman, J.W., Daniels, E.G., Kosinski, M., and 
Brooks, B., Anti-hypertensive Principle from Renal Medulla, Journal of 


Clinical Investigation, 41, 1387, 1962. 


Muirhead, E.E., Hinman, J.W., Daniels, E.G., and Kosinski, M., 
Recession of Renal Hypertension of the Dog by Medul lorenal 
Extract, Federation Proceedings, 22, 181, 1963. 


Muirnead, E.E., Daniels, E.G., Booth, E., Freyburger, W.A., and 
Hinman, J.W., Renomedullary Vasopressin and Antihypertensive Function, 
Archives of Pathology, 80, 43, 1965. 


Muirhead, E.E., Effectiveness of Neutral Anti-hypertensive Lapine 
Renomedullary Lipid in Murine Renovascular Hypertension, Federation 
Proceedings, 265,377, 196/. 


Muirhead, E.E., Leach, B.E., Brown, G.B., Daniels, E.G., andHinman, J.W., 
Anti-hypertensive Effect of Prostaglandin E5 (PGE>) in Renovascular 


Hypertension, Journal of Laboratory and Clinical Medicine, 70, 786, 1967. 


Muimheads: Exe. s Leach,).Buk.:) Brooks ».B..; Shaws,°:P:.. Brosius’s WL. , 
Daniels, E.G., and Hinman, J.W., Lapine Renomedullary Lipid in Murine 


Hypertension, Archives of Pathology, 85, 72, 1968. 


Muinhéady Ev E. » :Piteocks.a.A.,. Stephenson: :Pi.).cand: Brooks,»:B.., 
Renomedullary Interstitial Cell and Renomedullary Anti-hypertensive 
Function, Clinical Research, 19, 65, 1971. 


Muirhead, E.E., Brooks, B., Pitcock, J.A., Stephenson, P., 
Renomedullary Anti-hypertensive Function in Accelerated (Malignant) 
Hypertension: Observations of Renomedullary Interstitial Cells, 
Journal of Clinical Investigation, 51, 181, 19/2a. 


Muirhead, E.E., Germain, G., Leach, B.E., Pitcock, J.A., Stephenson, 
P., Brooks, B.:, BrosTus, W.L., Daniels,’ E.G., and Hinman, J.W. , 
Production of Renomedullary Prostaglandins by Renal Interstitial 
Cells Grown in Tissue Culture, Circulation Research, 31 (Supplement II), 
The lO 1s), 197 2be 


Muirhead, E.E., Leach, B.E., Armstrong, F.B., Germain, G.S., Centrally 
Mediated Anti-hypertensive Action of Prostaglandins E, and A» in the 
Spontaneously Hypertensive Rat, Federation Proceedings, 31, A393, 1972C. 


Mulrow, P.J., and Goffinet, J., The Renin-Angiotensin System, in 


Physiology of the Human Kidney, Wesson, L.G., editor, Grune and 
Stratton, 1969, page 465. 


Murphy, F.D., Grill, D., Langenfeld, G.P., Kurten, L.J., and 
Gruenther, V.G., The Use of Kidney Extract in Controlling Experimental 
Renal Hypertension and Essential Hypertension, Journal of the 
American Medical Association, 118, 1245, 1942. 


bap M4 blenteal, re J ,2fotned «Wb. gent iM gcd Md 
ely ST Fubar Tome mort alqtsnty bvb aparraqy 
| S001 NOE sf ieee 


AM, identaea be Ds 3 ptlafast cd, 4 ; ioe ht are seat oe 
losevoliubsM. yd. god add to ngtemdaagyl laneh-te notes hy hei 


- 


ERT, (8h 485. ebont beeper’ fe ol tecmbet .2a6ttKa 7 Lad 
“ne 4 A. Wy 48 udysr? f- 3 .fdood eh Qea? eetained oh 4 be jel a 


‘qt Gy li Sil dns nieroy ~~ at rhe 
‘238 Et conte ee 
sikgud avigits Sasqul-ttnA Tevtver se. evsnaytzostyd 7 F eo was _ 
iyi. ral eal isfusesvonsm: oe nt ict pears 


=; “9 e*¥ 


eT ewes ‘<. 2 ee cry -? t ,fossl, ah baserth H 
IER: HEY ¢3 atbnstysd zo¥, ¥0 dat] sytensgsaqudatan 
mbes) feaiata 


* gsttath rfD bas b Nios snvouds.S H fatale I . 
di CRUPRORR gt ante pcb. ngdoord ida yioaed i a ee . 


ee] oe ib gt dyer ubsnnna aniqes 4 .W.t peed Ni a 
~ “Maer ST , de ypotonde@ 3 40 dav tara ‘not anos | 
ee @. pitiona Drie «4. phoanas| gas estes 9 acd — aa. 
‘ve leet Ea ain t fubsmongh boas 8) tei etal Wiel [uber 3 
INGE ,22 oF igsegeoh [sotet{. pers 


4 ncianedged2 Ak. Aodatt4. «8.2008, 3,2 si . 
ij nana! teh) bod ars f9a0A, nt nolsonu4 2Vvi 2yed"49 mtn | Tuber . 
oiled fatttrervsial ysl fubsmonal To ant tsy a2d0 


OOF  f8F 12 ~nottspttevval Teatatiy 


‘one 
moangiged2 4A, ,#a008 19, Js8- onal, hard sade es ; 
Mk yhemih DnB , Os 3 s2totned ste s Wi a ,2a00%8 on o 

tatd}tevadal toner “a enfbne{ost2or9 cuttoaonel TO WORT IUDOT 
(a0) Sname fqquc ) re  teipere notisluntd .ewityd oueett - AGT a ae be . 
OS ‘ sear) ey 


vttexdned 200 fitted «6 8.9. jpnotitamA . chon rr) 32 gn a 


wo? al cA bas, af antbas lp shart to Light ow hensd 
cf} ,ECEA., TE. Ban ino lzeushas, «38h aviansi a ia | 


bine anute , 107 PbS a: it 20 a geal 


baa .,b.5 a9 ral 
intention pniffortnod ot Josvead” 


sj to Leaiuol Hote 
seer 


70 


Nakano, J., and McCurdy, J.R., Cardiovascular Effects of Prosta- 


glandin Ey: Journal of Pharmacology and Experimental Therapeutics, 
1564: 538, 19674 


Nakano, J. r% and McCurdy , J.R., Hemodynamic Effects of Prostaglandins 
Ey; » and F. in Dogs, Proceedings of the Society of 
A enon Ateiody and Medicine, 128, 39, 1968. 


Nakano, J., Tissue Distribution ard Subcellular Localization of H3- 
Prostaglandin Ey in Rats and Dogs, Archives of Internation 


Pharmacodynamics and Therapeutics, 187, 106, 1970. 


Nakano, J., Nontague, B., Darrow, B., Metabolism of Prostaglandin E 
in Kuman Plasma, Uterus, and Placenta, in Swine Ovary and in Rat 


Testicle, Biochemical Pharmacology, 20, 2512, 1971. 


Nissen, H.M., On Lipid Droplets in Renal Interstitial Cells, III. A 
Histological Study on the Number of Droplets During Hydration and 
Dehydration, Zeitschrift fur Zellforschung, 92, 52, 1968a. 


Nissen, H.M., On Lipid Droplets in Renal Interstitial Cells II. 
A Histological Study on the Number of Droplets in Salt Depletion 
and Acute Salt Repletion, Zeitschrift fur Zellforschung, 85, 483, 1968h. 


Nissen, H.M., and Andersen, H., On the Localization of Prostaglandin- 
Dehydrogenase Systen in the Kidney: A Histochemical Study During 
Hydration/ Dehydration and Slt-repletion/ Salt-Depletion, 
Histochemie, 17, 241, 1969. 


Okamoto, K., and Aoki, K., Development of a Strain of Spontaneous ly 
Hypertensive Rats, Japanese Circulation Journal, 27, 282, 1963. 


Osvaldo, L., and Latta, H., Interstitial Cells of the Renal Medulla, 
Journal of Ultrastructural Research, 15, 589, 1966. 


Page, I.H., and Helmer, O.H., Angiotin Activator, Renin, and 
Angiotonin Inhibitor and the Mechanism of Angiotonin Tachypnylaxis 
in Normal, Hypertensive, and Nephrectomized Animals, Journal of 


Experimental Medicine, 71, 485, 1940. 


Page, I.H., Helmer, O.W., Kohlstaedt, K.G., Kempf, G.F., Gambill, W.D., 
and Taylor, R.D. ne Blood Pressure Reducing Property of Extracts 
of Kidneys in Hypertensive Patients and Animals, Annals of Internal 
Medicine, 15, 347, 1941. 


Polet, H., and Levine, L., Serum Prostaglandin A, Isomerase, 


Biochemical and Biophysical Research Communications, 45, 1169, 1971. 


syearl to. 2409779) veluszsvotbrEd Pre ae 
,letieensyadT. fotnemiysqxd bis ypofogmmrsht to" f 
= » wey 


sitod pes2049 Fo ex09TtT simanybowst: ..AvU- rue we ie gu i 
to ysetsug ods Yo zentbesoo1 ,2god nt * + 
Baer, ee | “8ST Tl be ‘eorelirh | A 


- 1 nofiestlesos sere matey volatile wt iat onsastt 
srotsensial- Yo esvie Od bis 27 i" 
~ OVEF MOL , kG) y go Fduertay 


(2 ii beslosseo4 to metfodstem ., a — caugetdoll by onlbaent 7 
767 Wh whe YievO sniwe nt yetnedel4 baw , aurea rsmzet? noni At, 
ANGE ,SIS . 0S 4 ypol 4 Isctmetoota slated? =, 


A ATL Veflsd: fetatdeiatel Tenet nt ‘edatqord brght nO, MH dime 
vim cotterbyH pntywe etafqioiG Yo yedaul sat no ybus2 feo 


-g00T .,5¢ ,S@ .prudozww?l fei swt Httadsestes no 


-[}.2f fod feri}teratal fened ot 2tofqord. bhgyhy nO MH peed? 
“notiafuad 1f62 at etelqord Yo vaeubio ot we ybuse Keotpolos 
PRE), THe Oe sprurtaato¥ i Tas aut Jt iyioad teh no tsefqae'd faz ofuoA’ bre 


+) tlm fyadaowd to nokaest feoou) ott no phe bas Me tteee 
wryul Ybws2 Veatnasdsotetl Ao sysobty-se 37 | 


hottelysd-ti62 \nottefqor-sT As rnb 
Maer , fd 2 sere 
rite 


Pe het To nhevd2 # Yo Jnemqolsved | 4 < blo brs a ‘ear onis.40 
:taes ,S8s Fenwol notsetuavt) “szenegal ,2tei temereqy ; 


© ae ; 
Af luboM fenad aie To ef fod (stetserosnl el 8396) bas . J obtaved 
aoe? ,ebe@ .ar signegesh Susu eons 1s of ruc wet 2 


bas ,ftnel , 1dsvrsIA atiotena Pm ean bite at tispad a 
2txsf uitqyitoeT ninate tend Yo welnorogM ens bas vod tdteinl mhitod -_ . a 
jo. STonwobl . 2lemioA bax tmos2aiqel bie ,eviens ae 
| OPET eB 61, nist 


OWT idnsd . 70.8 rh orl OH tines 
0619%3 to 4 
[suysiel to af 


_ S2e"temoe 


7] 


Ramwell, P.W., Clarke, G.B., Grostic, M.F., Kaiser, D.G., and 
Pike, J.E., Prostaglandins, in Progress in the Chemistry 
of Fats and Other Lipids, Volume 9, Holman, R.T., editor, 
Pergamon Press, 1968, p. 231. 


Rondel], P.A., McVaugh, R.B., and Bohr, D.F., Evidence for Humoral 
Factors in Renoprival Hypertension, Circulation, 17, 708, 1958. 


Ruyter, J.H.C., Uver einen Merkwurdigen Abschnitt der Vasa Afferentia 
in der Mauseniere, Zeitschrift fur Zellforschung 2, 242, 1925. 


Smith, J.B., and Willis, A.L., Aspirin Selectively Inhibits Prosta- 
glandin Production in Human Platelets, Nature New Biology, 231, 
2305, 1971. 


Spector, D., Zusman, R.M., Caldwell, B.V., and Speroff, L., Distribution 
of Prostaglandins A, E, and F in the Human Kidney, in preparation, 
1973. 


Stevens, C.D., Kotte, J.H., Smith, C.C., and McGuire, J., The 
Treatment of Human Hypertension with a Kidney Extract, American 
Journal of Medical Science, 211, 227, 1946. 


Thompson, C.J., Los, M., amHorton, E.W., Separation, Identification 
and Estimation of Prostaglandins in Nanogram Quantities by 
Combined GC-Mass Spectrometry, Life Sciences, 9, 983, 1970. 


Tigerstedt, R., and Bergman, P.G., Niere and Kreislauf, Skandinavian 


Archives for Physiology, 8, 223, 1898. 


Toth, T., and Vartfai, J., The Anti-hypertensive Endocrine Function 
of the Kidney, Clinical Science, 20, 307, 1961. 


Vander, A.J., Direct Effects of Prostaglandins on Renal Function and 


Renin Release in Anesthetized Dogs, American Journal of Physiology, 
214 2185. 1968. 


Vane, J.R., The Release and Rate of Vasoactive Hormones in the Circulation, 
British Journal of Pharmacology, 35, 209, 1969. 


Yane, J.R., Inhibition of Prostaglandin Synthesis as a Mechanism of 
Action for Aspirin- Like Drugs, Nature New Biology, 231, 232, 1971. 


von Euler, U.S., Zur Kenntnis der Pharmakologiscnen Wirkungen von 
Natiusekretin und Extrakten Mannlicher Accessorischer 


Geschlechtsdrusen, Archives of Experimental Pathology and 
Pharmakology, 175, /8, 1934. 


baa , .0.0 ‘nated .. TM atbeow (8.8 obinth HAG f ' 
Yil2imen? siz nt 22a"tD01> NE rok teat a0 base oe 
twosthia ,.7.9 .nemlol .& smutoy .2bratt yeds0 bes 


AES 4q. Bael a | 


(evan x01 sonobty2 ..4; 0. shod bre | <dousti eA A. pliseont 
eet ,808 47 Not yor Lom Not egadraqyli fsvivqonal nt tet 


Lizne1st th e2eV vsb ttfntoedA nag twat, rants ‘vavu pe Ab eda 
lf S88 8 snudsewotifaS aut s2 Fads .orstn ’ nish, af 


~f2 2009 23) (hdnt vl avistosl[od ntvtg2A...J.A .etirew bre val » dime ° 
‘Ts <upolets wal swish ,2defetel4 memult at a ee 


a 


r trof2Hl acd .torvsq2 boo ,.V.8 . Tfhovbled “4 A ynemzuS ,.0 ,totoag? 
in ssarumincie “Ep yanbro agai atit at 3 bas .3.,4 enthnsio psieurl 


an 
a ENOL ; 7 


: Ont oak oeituda" bns oud ww sAttme 4 oH. L wagon b ae wenewas2 
- hoot ienk. ,$96 ad —?. he ypleaee ae nemull to jnondesrt 
an ss. 


notseort fie! ,notsayege2 ,.W.3..no2voBins ,-M,e0d-. 
Wi enti ineue manos) at entbnstosteor4 bir) rokinsibdad’ bas 
WRT gHGt.,? .~2sonatod atht «Utiemotszsq2 22eN-J9 bentdinod — 


norwan than?  Waheena bys sisth ..d-4 ry fe bas aa <tbore rapt 
Best 2o5S | : fot a 


fiofgs0v antys0bn3 ae ne fn4 SAT ou ti  taraal bra ,.T ,foT 
fae, .vOe, «sonstzé featni fd .yanbra ont o~ 


hes oltanua Tens no entboslped 201% Yo 2208TTd Josvid 3 .b. A . Vebas¥ 
-upofolavd’ Fo fsqiuol nsatiemA ,epol kesttorl2 eanA Wa sib 
. « : 


orla lust: sls at saaeneiel pha ah Yo ish bne $y sh oT wal 
BOUT , CCS , | ) BUF 


to. metre nse 6 es ai 
Ter “SES glES 


nov sageueite tale nerioet doa ni hg BU as 


io 


eontmye Riealoston %o no iat, As 
tou edi swisha 8 


he 


Weeks, J.R., Prostaglandins, Annual Review of Pharmacology, 12, 317, 1972. 


Westura, E.E., Kannegiesser, H., O'Toole, J.D., and Lee, J.B., 
Anti-hypertensive Effects of Prostaglandin A; in Essential 
Hypertension, Circulation Research, 27 (Supa tancnt Tg T1215, 1970. 


Williams, J.R., Grollman, A., and Harrison, T.R., The Reduction of 
the Blood Pressure of Hypertensive Dogs by Administration of 


Renal Extract, American Journal of Physiology, 130, 496, 1940. 


i oe 


DMT ,oeh VOET .euototeytd Ya featuol, N62 trem J aevdeT" toca _ 


fete vend ban , .0.L,sfooT'O , JWseenheenal by cael . us2eW 
intioneae at oA othnglosdao4! Yo eso0¥93 ov anae enge » es 
feret fs “branslagiie} TS ,Wovsseat notis J tote . 


A vwhaoubel? SAT ,.H.T .nwebrish bee... nent tow ..8 FT 
ry uri akelaimbA Yd 2000 aviznoyrsqyil te svedeys bool edd 


ee Mn re a ein 
¥ i Y 7 Ke es 
i ft = -, 
at 
: i 
7 oy : z 4 
re sigs i y y ; 


ae 
Pa : 


ake 
son 


4 


YALE MEDICAL LIBRARY 


Manuscript Theses 


Unpublished theses submitted for the Master's and Doctor's degrees and 
deposited in the Yale Medica! Library are to be used only with due regard to the 
Tights of the authors. B:bliographical references may be noted, but passages 
must not be copied without permission of the authors, and without proper credit 
being given in subsequent written or published work. 


This thesis by has been 
used by the following persons, whose signatures attest their acceptance of the 


above restrictions. 


oe AND ADDRESS DATE 
ei qe fda kur 0-0 Yorke, sk. Poy Haven - “/ /¢/ 73 
A dn 


| soul, 2, |6 


cep ere wns eA gO 
rere 


Sp 
Prt tas 

Pat pe wea Se 

Sate eres eas Bo 

Feenstra Ri a Heme 


Sidewe aso itewseaw 
Fie Nas ORC 


tre rte 


oat paw we 

ann rad wn 0=9 es 

pi eng ae 
- 


een 


pa ee at 


etre 
Me 


